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ge: ABSTRACT 


In crossing diploid male-sterile beets (18 chromosomes) with a tetraploid pollinator 
(36 chromosomes) it was established that of 523 individuals from this cross 8.4 % were 
diploid, 83.9 % triploid and 7.7 % tetraploid. 

The most reasonable explanation was that the diploid male-sterile plants had given 
a number of unreduced egg cells. This could be put to a test by crossing diploid male- 
sterile plants with normal diploids. The average number of triploids found by chro- 
mosome counts was 2.4 %; in a normal diploid no triploids were found. 

The type of cytoplasm associated with the male-sterility may lead to abnormal egg 
cells. 

Trirave (Triplex) with 84 % of triploids, represents an enormous advance over 
normal polyploid types, which very commonly have no more than 40 per cent triploids 
and very rarely have more than 50 per cent. 


INTRODUCTION 


In 1958, a radically new type of sugar beet was placed on the market for the first 
time under the name of Trirave (in continental countries) or Triplex (in England). This 
was a substantially true triploid variety, produced by crossing a diploid male-sterile 
type with a tetraploid pollinator. The pollinator was cut out before harvest, so that 
only the female parent was harvested. This method of seed production is expensive, 
but the advantage of getting a high percentage of triploids is considerable and the 
increased sugar production by far outweighs the extra cost of the seed. 


EXPERIENCES IN PRODUCING A HIGH PERCENTAGE OF TRIPLOIDS 


The production of a completely pure triploid variety is a practical impossibility. 
The male-sterile parent used in this case had a very high degree of male-sterility, but 
> Paper read on the XXlInd Winter Meeting of the Institut International de Recherches Bettera- 

vières on February 24th, 1959. 
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the production of 100 per cent sterility is extremely difficult. In this case, our estimate 
of the sterility obtained was 99.5 per cent. The occasional pollen-fertile or partly 
fertile plant among the male-steriles would, of course, lead to the production of some 
diploid plants in the resulting commercial seed. There is also the possibility that the 
male-sterile plants would pick up occasional pollen grains from other sugar beet seed 
crops growing in the vicinity and, although every effort is made to grow the seed crops 
in good isolation, this is not by any means easy in an established seed-growing area. 
Such stray pollen would usually be from diploid plants and would give rise to diploid 


progeny. 


It was not surprising, therefore, that a count of 523 individuals of the Trirave 
(Triplex) variety of the commercial lot released for sowing in 1958 showed the pre- 
sence of 8.4 per cent of diploids. This is a percentage which is not likely to affect the 
performance of the seed to a marked extent and, with further breeding work and the 
zoning of the seed crops (when produced on a larger scale) into particular areas, we 
confidently expect this percentage to be reduced. What was most surprising, however, 
was that the same counts revealed the presence of 7.7 per cent of tetraploids in the 
variety. The simplest explanation is that they result from the incomplete removal of 
the tetraploid pollinator at harvest time. The harvesting of the limited commercial 
production of triploids in 1957, however, was handled with great care and such a high 
percentage of contamination as 7.7 per cent must be considered most unlikely. 
Further support for this point of view arises from the fact that tetraploid plants were 
similarly found in triploid test crosses carried out in small plots and harvested with 
the greatest care. It seems certain, therefore, that the tetraploids in these supposedly 
triploid populations arose from some form of abnormal fertilisation. 

The most reasonable theory which might explain the occurrence of the above tetra- 
ploids is that they arose from the union of a normal 18-chromosome pollen grain 
from a tetraploid plant and an unreduced cell of the diploid parent, again with 18 
chromosomes. Such a fertilisation would, of course, give a tetraploid with 36 chro- 
mosomes. Fortunately, this theory may be put to a practical test. If our diploid male- 
steriles produce some unreduced gametes, then they will give a proportion of triploids 
when pollinated with a diploid pollinator. In this case, the female gamete would have 
the unreduced number of 18 chromosomes and the pollen grain would contribute the 
reduced number of 9 chromosomes, giving a 27-chromosomes triploid. Now male- 
sterile diploid plants are normally produced by pollination with a pollen-fertile diploid 
maintaining variety (O-type) and it was therefore possible to examine the actual male- 
sterile mother seed used in the 1957 crop, which had been pollinated with diploid 
O-types under the closest control, in an area in which no tetraploid sugar beets were 
grown for seed. The following results relate to this examination. 

The diploid male-sterile mothers used for the 1957 production belonged to 15 
different families, divided into two groups of 8 and 7 families respectively. The families 
within a group were to some extent related, but the two groups were quite unrelated 
to each other. Seed of these various families was grown in boxes and plants were 
taken for counting, with care to avoid any selection. The counts were made on 695 
plants by the direct method of counting chromosomes in young leaf tissue, using the 
nigrosin technique. Counts on a further 989 plants were made by the chloroplast 
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method (Mocmizuki, A. and R. SUFOKA, 2) using fully expanded and mature cotyle- 
dons. The chloroplast counts gave clearly asymmetrical distribution curves, consistent 
with the idea that they were formed from two overlapping and approximately sym- 
metrical curves, one for diploids and one for triploids. The various separate families 
gave distributions of chloroplast numbers which were homogeneous when tested by 
the X? method, with one exception, Gr 628, which was very significantly different 
(P <.001). 
These distributions were as follows (table 1). 


TABLE Ì. DISTRIBUTION OF THE NUMBER OF CHLOROPLASTS IN DIPLOID CROSSES 


Number of chloroplasts per pair of guard cells Total 


10 | u | 23 | 14 fas | 16 | 17 [ag [19 | 20 | 21 | 22 plants 


| | 
All families | | | | 
| 


except Gr 628) 24 | 92 | 177 | 185 | 222 | 111 | 47 | De 2 4 5 0 Ì 895 
Gr 628 0 0 6 Pae 2 lame tndoel 6 3 2 2 2) 0 94 


This divergence between family Gr 628 and the other families is of particular in- 
terest to those wishing to use the chloroplast counting method as an index to chro- 
mosome number. It shows that, while guardcell chloroplast number in the fully ex- 
panded cotyledons of sugar beet shows a remarkable degree of consistency, not all 
diploid sugar beets have the same mean chloroplast number and the same presumably 
applies to triploids and tetraploids. It appears that, like just about every other charac- 
teristic of the plant, the chloroplast number is under genetic control and subject to 
genetic variation quite apart from the general correlation with chromosome number. 
This observation sounds a note of warning to those wishing to use the chloroplast 
method as a substitute for chromosome counting in material of diverse genetic origin. 

Using the above data, distribution curves were drawn in the form of the two over- 
lapping and near-symmetrical curves which have the best fit to the data for (a) family 
628 and (b) all other families together. The data were then divided into diploids and 
triploids, the plants in the zone of overlap between the two curves being allocated 
partly to one group and partly to the other according to the relative probability of 
their being diploid or triploid, according to the distribution curves. The data obtained 
in this way, and those from chromosome counting, are shown in table 2. 


The average number of triploids found by the chromosome counting method was 
2.4 per cent, while the average for the chloroplast method was 3.8 per cent, a difference 
which was shown by the X? test to be barely significant (P. about .05). Since the 
differences were small and not very definite, the data were combined in the last three 
columns of table 2. 

It will be seen that triploid individuals were found in 13 out of the 15 families used 
in 1957, and that the number of individuals examined in the remaining two families 
was small, so that there is no reason to believe that these were really different. The 
frequency of triploids found in the two unrelated groups of families was closely 
similar (3.1 and 3.3 per cent). 

Triploid individuals occurring in diploid sugar beet have previously been reported 
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TABLE 2. SURVEY OF THE NUMBER OF DIPLOIDS AND TRIPLOIDS IN DIPLOID CROSSES 


Family | Chromosome counts | Chloroplast counts | Total (both methods) Percentage 
No. |_diploid | _triploid |_diploid teid dronken 
| | | | | 
Group A | | 
Gr 608 62 3 1253 34 1874 6% 1 34 
Gr 609 pj) 0 78 5 100 5 4.8 
Gr 610 74 0 8 | 3 172 3 1.7 
Gr 611 0) 0 264 | 23 264 24 8.6 
Gr 612 69 pj) 1063 54 1754 | 74 4.l 
Gr 613 42 | 3 79} 23 1214 | 5} 4.3 
Gr 614 en Wd 50 3 EEM ES 4.2 
Gr 625 76 0 74} 14 1504 | ijs lt 0 
Group B 
EN OE 0 57 3 107 3 27 
GEOLTENS tene 59 1 48 0 107 1 0.9 
Gr 628 50 0 865 74 1363 73 5.2 
Grid res ae Ss | 42 | 3 les FOR di 1 104 A vel 
Gr00 ER Ae ZEN oe Os BAAN ZE 0 52 0 0.0 
Gos oe AAN | 10 | Obed el 19 | 0 29 0 0.0 
GE63 Lul 4 31 | 3 | Heet 0 47 3 6.0 
| | 
Totals | | | | 
GroupA .... | 408 10 | 6384 | 264 | 10464 364 3.4 
GroupB 210 Mi zloRte idtn S2) 184 near 
Both groups . … . 618on ann lg MEE 38 u 629 55 3.3 


by H. E. FIscHer (1) who examined twin seedlings of various types. He reports that 
out of 232 twin pairs examined in diploid varieties, three pairs contained plants with 
the triploid chromosome number. This would suggest that this material had a smaller 
percentage of triploids than our male-sterile diploid material, especially since the 
proportion of triploids would be expected to be much higher in twin than in normal 
plants. Some further suggestion that our male-sterile material has an unusually high 
proportion of triploids arises from our examination of 200 plants of a normal, diploid 
sugar beet variety. No triploids were found. 


In view of FISCHER’s observation on the occurrence of triploids in members of twin 
pairs of sugar beet, a careful check was made of the material which forms the subject 
of this note, but no twin seedlings were found. Certainly the frequency of twinning is 
not nearly high enough to account for 3.3 per cent of triploids. 


The occurrence of triploids in about the same proportion in a series of family 
groups, some of which were totally unrelated to others, and also the occurrence of 
tetraploids in a large series of triploid test crosses, is interesting. The only feature 
which all this material has in common is its male-sterility and it is not impossible that 
the type of cytoplasm associated with cytoplasmic male-sterility leads also to occasional 
disturbances resulting in the production of triploids in supposedly diploid popu- 
lations, and of tetraploids in triploid populations. 
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It should be noted that the above phenomenon, while of considerable interest, 
does not very materially detract from the performance of the Trirave (Triplex) variety. 
With 84 per cent of triploids, this variety represents an enormous advance over normal 
polyploid types, which very commonly have no more than 40 per cent triploids and 
very rarely have more than 50 per cent. 


Just after this paper was prepared we received a reprint of an article by KURT 
SKIEBE (3) describing analogous results in crossing of Primula malacoides FRANCHET. 
The majority of the seeds from the cross 2n x 4n were found to be tetraploids, but in 
this case the triploids were practically inviable. 


SAMENVATTING 


De waarschijnlijke oorzaak van het optreden van tetraploide planten 
in handelszaad van een triploid ras van de suikerbiet 


Bij het kruisen van diploïde mannelijk steriele bieten (18 chromosomen) met een 
tetraploïde “bestuiver” (36 chromosomen) werd vastgesteld dat er van 523 nakome- 
lingen 8,4 % diploïd, 83,9 % triploïd en 7,7 % tetraploïd was. 

De meest voor de hand liggende verklaring was dat de diploïde mannelijk steriele 
planten een aantal eicellen voortbrengen, waarin geen reductie heeft plaats gehad. 
Deze uitkomst kon worden getoetst door diploïd mannelijk steriele planten met nor- 
male diploïden te kruisen. Het gemiddelde aantal triploïden dat bij chromosomen- 
tellingen werd gevonden was 2,4 %; in normale diploïden werden geen triploïden ge- 
vonden. Het type cytoplasma dat gebonden is aan de mannelijke steriliteit leidt tot het 
optreden van abnormale eicellen. 

Trirave (Triplex) met 84 % triploïden heeft een enorme voorsprong op andere poly- 
ploïde typen, welke in het algemeen niet meer dan 40 % en heel zelden meer dan 50 % 
triploïden geven. 


REFERENCES 


1. Fiscuer, H. E., Untersuchungen an Zwillingen von Beta vulgaris L. Der Züchter 26 (1956): 136 
152: 

2. MocHizukr, A. and SUEOKA, N., Genetic studies on the number of plastid in stomata. 1. Effects 
of autopolyploidy in sugar beets. Cytologia 20 (1955): 358-366. 

3. SkteBE, K., Die Bedeutung von unreduzierten Gameten für die Polyploïdiezüchtung bei der 
Fliederprimel (Primula malacoïdes FRANCHET). Der Züchter 28 (1958): 353-359. 


103 


Euphytica 8 (1959): 104-116 


ON THE FORMATION OF PHYSIOLOGIC RACES 
IN PLANT PARASITES* 


J.C. ZADOKS 


Institute of Phytopathological Research (I.P.O.) and Laboratory of Phytopathology 
of the Agricultural University, Wageningen, The Netherlands 


Received 2 Sept. 1959 


ABSTRACT 


New physiologic races can be produced by mutation, hybridization or hetero- 
karyosis. The genetics of the host parasite relationship can be explained on the basis 
of the gene-for-gene hypothesis of FLOR. 

Resistance breeding is an important agent in the appearance of a new race and in 
the evolution of pathogenicity. 

In America the resistance breeding in wheat is conducted along the following lines: 


1. Searching for sources of resistance by testing collections of varieties and hybrids. 

2. Crossing good agricultural varieties (recurrent parents) with resistant parents and 
making subsequent backcrosses of the hybrids with the recurrent parents. In this 
way lines are developed which are similar in many characters but different in their 
genetic constitution as concerns the resistant genes. 

3. This program executed several procedures can be applied: 

a. Production of resistant substitution lines which can replace varieties having lost 
their resistance. 

b. Production of multiline varieties composed of lines differing in their genes for 
resistance. 

c. Distribution of resistance genes over the agricultural regions so that every 
district has its own type of resistance. 


The author considers it desirable to adapt these procedures to European situations. 
For Europe the most suitable application of the new aspects seems to be the multiline 
variety. 


1. INTRODUCTION 


Some 50 years ago the Dutch scientist HUGO pe Vrirs said: “The origin of species 
is an object of experimental investigation” (28). This maxim paved the way for many 
new lines of research. 

As a variant of DE VRIES’ statement we would use the same motto for this article: 
“The origin of physiologic races of fungi is an object of experimental investigation”. 

Some results and implications of experimental research in this field (which is mainly 
conducted in America) will be given in this article. 


* Lecture held at the 2nd EUCARPIA Congres, section Cereals, July 1959 at Cologne. 
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2. PHYSIOLOGIC SPECIALIZATION 


When inoculating a set of host plants H,, Hs, etc. with different isolates of a para- 
site Ps, Ps, etc. we may expect various reactions. In routine work these reactions have 
been standardized to reaction types, indicated by symbols (table 1). A. differential set 
of host plants inoculated with one given isolate of a parasite presents a set of reaction 
types or a reaction spectrum. When isolates differ in reaction spectrum we speak of 
physiologic specialization of the parasite. Isolates with similar reaction spectra are 
classified into taxonomic units, one of them being the physiologic race, or briefly, race. 


TABLE 1. DIAGRAM ILLUSTRATING THE PRINCIPLE OF REACTION SPECTRA 


Host differentiäls 


BEHO NEL 
| Benen ne 
Parasite isolates IR: | + — | | 
| — | + ike 
BS | Reaction types 
Nn __t = susceptible 
P | | — = resistant 
Rows reaction spectrum of host plants characterises isolate or 


race of the parasite 
Columns reaction spectrum of races may characterise genetical 
composition of the resistance of the host plant 


A differential set of varieties can be composed for special purposes or local con- 
ditions. Several differential sets have been accepted internationally e.g. those of the 
cereal rusts. A physiologic race is called virulent when it causes severe symptoms on 
a differential variety. The opposite is an avirulent race. An aggressive race attacks 
many varieties of a differential set (table 2). 


TABLE 2. DIAGRAM ILLUSTRATING THE TERMS VIRULENT AND AGGRESSIVE 


ESESESEN 
Bi | 3 See Nu 9) | not virulent, aggressive 
P, | 4 4 4 | 4 | virulent, ak aggressive 
9 De | 0 0 | 0 | 4 | virulent, Bet aggressive 
| 


| reaction types 


Reaction types from OQ — resistant reaction 
to 4 — highly susceptible reaction 


It should be clearly understood that a physiologic race is an artificial unit based on 
a small number of differential varieties. 

In most cases the infection spectrum of a differential set does not give us any in- 
formation on the genetical background of a race. A large number of genetically 
different biotypes may occur in one race. 
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3. THE GENETIC BACKGROUND OF PHYSIOLOGIC SPECIALIZATION 


The symptoms of a host plant caused by a parasite are controlled by the genetic 
constitution of both host plant and parasite and also by environmental conditions. 
FLOR (8, 10) proposed a system in which the host-parasite reaction is not determined 
by complete genomes but by one gene pair of the host and one gene pair of the para- 
site (table 3). This system will be indicated here as the gene-for-gene hypothesis of 
FLOR. FLOR has argued his gene-for-gene hypothesis in a most skilfull way. He worked 
with flax rust and this enabled him to perform the genetical analysis of bothflax and 
the rust parasite. In flax resistance is dominant, and in-flax rust virulence as a rule is 
recessive. FLOR identified 25 genes for resistance, occurring in 5 loci, two of which are 
coupled. In one locus up to 10 alleles for resistance may be localized. The rust has 
25 genes for virulence, one virulence gene for every resistance gene in the host. 
Coupling has been observed. 


TABLE 3. DIAGRAM ILLUSTRATING GENE-FOR-GENE INTER- 
ACTION IN LOCUS 1 


| AA: Asa, VAA Rust 
RR, | 5 De Ee 
Rr, | — 8 E — 5 + 
mr ale eerie nee 
kende hen mana 


Flax R == gene conditioning resistance, dominant 
r = gene conditioning susceptibility, recessive 
Rust A = gene conditioning avirulence, dominant 
a — gene conditioning virulence, recessive 
Reaction types + — susceptible reaction 
— = resistant reaction 


Many observations support a more general validity of the gene-for-gene relation- 
ship. Hybridization experiments in Venturia inaequalis, the apple scab organism, seem 
to conform the gene-for-gene hypothesis (16); however, hybridization experiments 
with the host plant have not yet been made. The BLACK-MASTENBROEK-MILLs model 
for the genetics of Phytophthora-resistance (2) and a similar model for Cladosporium 
fulvum-resistance in tomatoes (6) do not contradict the gene-for-gene hypothesis, 
although in the last case no hybridization experiments have been performed with the 
parasite. The first results in hybridization experiments with Phytophthora infestans 
(23) might be explained with the gene-for-gene hypothesis. 


Assuming the gene-for-gene hypothesis to be correct it should be pointed out that 
in this context resistance is meant to be a race-specific-resistance. Race-specific-resis- 
tance should be distinguished from the more general forms of resistance, for example 
the incubation resistance (“Inkubationsresistenz’””) to Phytophthora of some potato 
varieties, as described by Rupokrr (22). The race-specific-resistance of the host is al- 
ways complemented by the variety-specific-virulence of the parasite. 
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4. THE VARIABILITY OF PHYSIOLOGIC RACES 


Mutation 


Mutation is generally accepted to be the main cause of hereditary variation. For 
the present purpose we are interested only in mutations of pathogenicity and particu- 
larly in those increasing pathogenicity, or, more precisely, aggressiveness. 

We can distinguish two groups of fungi, according as they are haploid or diploid 
in the pathogenic stage. Venturia inaequalis, the apple scab fungus, is an example of 
a haploid pathogen. In this fungus mutations are frequent, most of them being 
deficiency-mutations. Often the pathogenicity is lost. However, sometimes this loss 
is a result of epistasis of a deficiency gene affected by mutation over the virulence gene 
that is not affected by mutation. Hybridization experiments proved the pathogenic 
factor to be intact (3, 16, 17). Mutations of this type, producing loss of pathogenicity, 
are of common occurrence in fungus cultures. Increase of aggressiveness, presumably 
by mutation, has been observed in tomato leaf mould,Cladosporium fulvum (1). 

In diploid or dikaryotic fungi we must take account of heterozygosity. The avirulent 
heterozygote Aa can mutate into the virulent homozygote aa. The problem is to prove 
the increase in aggressiveness. This has been realized by FLOR (9, 12), who worked 
with clones of flax rust which were heterozygous in many loci. He found mutants 
with increased aggressiveness after artificial and after natural mutation. The number 
of mutants was small, but several occurred more than once. From FLOR’s data we may 
derive a natural mutation frequency of approximately 1:100,000. The natural mu- 
tations could be reproduced by induced mutation. The results of FLOR are significant. 
They show that mutants occur with high frequency and also indicate that some genes 
are more susceptible to mutation than others. 

Mutability of genes for virulence is not a constant factor. This conclusion has been 
corroborated by other observations. For instance race B, of barley mildew has been 
first described in Germany in 1937. It originated probably as a mutant in a glasshouse. 
In 1953 and in 1955 it appeared spontaneously in a glasshouse at Halle in B-group 
material. B, is more aggressive than other races of the B-group and it is characteristic 
for its virulence on Hordeum spontaneum nigrum, a parent used in breeding program- 
mes for resistance to mildew (21). 

Recently it has been found that in Phytophthora races avirulent to the resistance 
gene R‚ of Solanum demissum mutations showing virulence to gene R‚ occur spon- 
taneously with a high frequency (13). 

These examples show the importance of the mutability of genes for virulence. The 
conclusion is that there is no sense in using some race-specific resistant parent when 
it is expected that soon a virulent gene may appear in a mutable locus. 


Mutation may give rise to a recessive gene for virulence which cannot show up in 
diploid or dikaryotic pathogens, as it is accompanied by a dominant gene for aviru- 
lence. The pathogen may become homozygous for the virulent gene by hybridization 
or by heterokaryosis. Consequently we should investigate the possibilities of hybri- 
dization and heterokaryosis. 
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Hybridization 
Hybridization is an important source of genetical variation. The principle of race 
formation by means of hybridization can be explained with the aid of the gene-for- 


gene relationship. In haploid organisms the simplest way of race formation by hy- 
bridization is as follows: 


Race: l 2 
Genes: a, A, X A; da 


Genes: a, As + A1 da + Ai A2 + 41 do 
Race: 1 2 0) Imp 


In this and in the following example the loci have been numbered. The races are 
characterised by the numbers of the susceptible loci, as is usual in. Phytophthora work. 
In both the examples avirulence (A) is dominant, virulence (a) being recessive. 

In diploid and dikaryotic organisms the simplest way of race formation is that of 
the “self-fertilization”’ of a heterozygote: 


Race: l l 
Genes: 4,4,As4s X 4,4; Aads 


Genes: 4,4,Asd, + 4j4j AaAs + 4444203 
Race: 1 l 12 


The diagrams are valid only when the gene-for-gene hypothesis is correct and on 
condition that the genes are independent. In general the situation is more complicated 
especially through coupling. For instance coupling of non-pathogenic genes has been 
shown in the apple scab fungus (16) while coupling of genes for virulence in flax rust 
is suggested by hybridization and mutation experiments (9, 10). 

Interaction of genes may complicate the picture. In the haploid apple scab fungus 
one gene for virulence can be epistatic over the other one (16). Epistasis has also been 
found in flax rust. In stem rust of oats JOHNSON found a case in which virulence was 
determined by two complementary genes, both of which should be present in a homo- 
zygous recessive state (14). The gene-for-gene relation becomes less clear as gene inter- 
action complicates the picture. It can be assumed that the genetics of pathogenicity 
cover a wide range of possibilities from gene-specific virulence to polygenic patho- 
genicity. 

Another complication is the occurrence of polyploidy in the parasite: the haploid 
number of chromosomes in oat crown rust is 3, in stem rust it is 6 (18). As a last com- 
plication we may mention cases of matrocliny among others found in oat stem rust (14). 


To evaluate the significance of hybridization for the origin of races we should know 
the importance of the sexual stage in the life cycle of the fungus. One extreme is the 
variable yellow rust of wheat of which no sexual stage is known. The other extreme is 
found in smut, both loose smut (Ustilago tritici) and covered smut (Tilletia caries) of 
wheat, in which no asexual propagation occurs. Flax rust takes an intermediate 
position: a series of asexual propagation cycles alternates every year with a sexual 
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cycle. It is evident that in the case of smut we cannot expect stable races since the 
causal organism is a cross-fertilizer. The races should be regarded as populations. 
Likewise flax rust has no stable races (except in glasshouses) but consists of pheno- 
typically homogeneous populations with a wide genetic plasticity. In stem rust of 
wheat where the sexual phase takes place on the alternate host, the barberry, the 
situation is different. Race formation occurs mainly by hybridization on the alternate 
host. Once a new race is formed, however, it is able to live for years without passing 
through another sexual phase. 


Heterokaryosis 


Whereas hybridization implies a sexual process, comparable results can be obtained 
by means of heterokaryosis, a process whereby two hyphae anastomose and exchange 
nuclei, or parts of nuclei (parasexual recombination). 


TABLE 4. DIAGRAM ILLUSTRATING HETEROKARYOSIS (EXPLANATION IN TEXT) 


Parent dikaryons Xx + Oo | 
| heterokaryosis 
Heterokaryon XX—Oo | 
| CTR OR er | __| __{__dissociation 
Parent dikaryons | Xx | | Oom 
| | | 
New dikaryons Xo xO 


Formation of a new race by exchange of nuclei between two dikaryotic mycelia. 


The diagram (table 4) represents heterokaryosis of two dikaryons. The letters X, x, 
O and o each represent one nucleus, capital letters denoting the +, the small types the 
—nucleus. In this diagram heterokaryosis gives rise to one new race. More complicated 
diagrams are possible since some genes for virulence can be associated with the + as 
well as with the — nucleus. So far we have assumed exchange of nuclei, but it is 
well-known that two seemingly independent nuclei may interchange genetic material. 
Somatic recombination without a sexual process (parasexual recombination) is 
realized in fungi and presents the same range of possibilities as the better known 
sexual recombination. Exchange of pathogenicity genes between nuclei has been 
indicated by the work of BUXTON on Fusarium oxysporum (Sa). 

The formation of new races by means of heterokaryosis has been shown in stem rust 
of wheat (19). A heterokaryon with three or four nuclei has been isolated. This hetero- 
karyon behaved as a new race which was demonstrated by its virulence towards the 
normally resistant differential variety Khapli. This polykaryotic race was not stable : 
it dissociated, that is, it lost some of its superfluous nuclei. This loss of nuclei resulted 
in a loss of virulence to Khapli. 

After 25 generations all polykaryons had disappeared. In the remaining dikaryons 
the two parent races were present and also two new races with intermediate characters. 
FLOR showed asexual formation of a new race, presumably by heterokaryosis, in flax 
rust (11). The frequency of heterokaryosis in nature is not well known, but the for- 
mation of new races by heterokaryosis seems to be reproducible. 
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From the foregoing statements it is clear that we should expect a tremendous 
number of races to be produced in some pathogens. However, the actual number of 
races is rather restricted: apparently 99 % have too small a chance to survive and settle 
down. Resistance breeding is the main factor governing survival and settling of new 
races. A variety resistant to the races present is healthy and therefore it is an ideal me- 
dium able to select the only virulent spore from a huge mass of mutated fungus spores. 
The resistant variety offers the mutated pathogen an excellent opportunity for multi- 
plication without any competition. 


5. THE ““TIME-RACE’’ BETWEEN HOST AND RACE 


The epidemic of stem rust in wheat in Northern America in 1950 has been attributed 
to a new race of the stem rust, race 15B. Actually this race was already known for ten 
years but it seemed to be present in so small a quantity that nobody paid any attention 
to it (24, 25). 

The flax variety Bison was severely damaged in the U.S.A. a few years after its 
introduction. It was shown afterwards that the rust race attacking Bison had been 
present during the test period of the variety. However, the observations had not been 
interpreted correctly (7). 

In the two cases cited it was shown that races of the pathogen responsible for the 
break-down of resistance were present at the time of introduction of the new variety. 
The variety selected and multiplied the race. In other cases new races appeared shortly 
after the introduction of a new host variety as was shown with Cladosporium fulvum in 
tomatoes (1). After the introduction of a new tomato variety with a new gene for leaf- 
mould resistance, a new race of the fungus emerged. The time lapse between intro- 
duction of new varieties and the incidence of new races sometimes was not longer than 
three tomato generations. That this time lapse may be longer is shown by the history 
of the wheat variety Alba. This variety was introduced in Belgium in 1937. At that 
time Alba was resistant to yellow rust, Puccinia glumarum, but a severe epidemic of 
yellow rust in Alba occurred in 1957. The race responsible for this epidemic was not 
yet present in 1955; the resistance of Alba therefore lasted 19 years. 


6. ORIGIN AND DISAPPEARANCE OF RACES 


It is interesting to know whether a race originates only once at one place (monotopic 
origin) or many times at several places (polytopic origin). The Alba race of yellow 
rust probably had a monotopic origin. The stem rust epidemic of race 15B in Northern 
America started from one centre. However, in the preceding years the race had been 
found at different places and different times; so a polytopic origin is indicated. 

The disappearance of races is not difficult to explain. In general races are so spe- 
cialized on their host variety that the race disappears with the disappearance of the 
host variety. Of course it is not possible to prove the complete disappearance of a race; 
however, we may find an example in the case of race 7 of yellow rust. Before World War 
[it was present on the wheat variety Carsten V. Though the cultivation of Carsten V 
has been continued for several years after the waf race 7 has never since been identified 
from field samples. Even when a race disappears, the genes for virulence characteristic 
for the race may survive in a heterozygous condition in daughter races. 
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7. RESISTANCE GENES 


The question arises how many factors for resistance can be accumulated in a host 
variety and how many factors for virulence can be accumulated in one physiologic 
race. The BLACK-MASTENBROEK-MILLs model for the resistance of Solanum demissum 
to Phytophthora infestans requires four factors for resistance. These factors can be 
present in various combinations. The four factors for virulence in Phytophthora can 
also be present in various combinations. In Mexico all these combinations have been 
found, even the most aggressive one, viz. race 1,2,3,4 (20). The conclusion is that 
Mexico not only is the gene centre of the potato species Solanum demissum, but also 
the gene centre of potato blight. 

In flax FLor found 25 genes for resistance to rust. Only 5 loci are available. As flax 
rust has 25 genes for virulence a flax variety seldom or never is resistant to all the rust 
races. Now FLOR found rust races with nearly all the genes for virulence in a homo- 
zygous recessive condition. So highly aggressive races are possible. However, when he 
studied fresh field isolates the number of virulence genes present in homozygous 
recessive condition appeared to be generally only one, seldom two. The dominant 
genes for avirulence may have some survival value (7). 


8. EVOLUTION OF RACES 


The evolution of races shows curious examples of convergence and divergence. 
Israel is situated in or near the gene centre of oats. It is not surprising therefore that 
the most aggressive and virulent races of crown rust are found in Israel. 

An interesting case of convergent evolution has been recorded by Wanr (29). 
Race 276 of crown rust was found for the first time in Argentina. In 1953, a few years 
later, it was one of the most predominant races in Israel. Race 277 also was found for 
the first time in Argentina. In 1956 it was also found in Israel. We may assume that 
new races in Israel and Argentina originate independently. However, we cannot be- 
lieve that this convergence is due to chance. May be the international exchange of 
resistant parents steers the evolution of pathogenicity in one definite direction. 


Divergence exists by the side of convergence. This is evident from the numerous 
publications on stem rust of wheat. Sub-races can be identified when a new race has 
covered an area. The importance of the sub-races increases from year to year and 
within a short time they differentiate in their turn into sub-sub-races. This pheno- 
menon has led to the opinion that the evolution of pathogenicity develops stepwise 
and at the same pace as the evolution of resistance, steered by mankind. 


9. CONSEQUENCES FOR THE WHEAT BREEDER 


It has been pointed out already that breeding for resistance is the result as well as 
the cause of catastrophic epidemics. Therefore new ways of control had to be found. 
The following discussion is based on stem rust work. 

A search for sources of resistance is the basis of any breeding programme for dis- 
ease resistance. For this purpose the United States Department of Agriculture has 
laid out “International Rust Nurseries’”’, collections of several hundreds of wheat 
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varieties and lines. They are sown in many places in Northern and Southern America 
and in some places in Africa and Europe. From these collections breeders can choose 
the lines that are resistant in their areas and use them as parents for resistance breed- 
ing, e.g. some 50 lines. At the same time they start with a small number of varieties 
with a good agricultural value but susceptible to stem rust. These varieties serve as 
recurrent parents in a back crossing programme. The recurrent parents are crossed 
with the resistant parent, the resulting resistant hybrids are repeatedly backcrossed 
with the recurrent parent. In this way a breeder obtains for every recurrent parent a 
collection of some 50 resistant lines. These lines are more or less identical in morpho- 
logical, physiological and agricultural characteristics ‘but they are different in their 
genetic constitution as concerns the resistance to stem rust. 

When this backcrossing programme has been completed two procedures are open 
to the breeder. The simplest procedure is to keep in store a number of so-called sub- 
stitution lines of some of the most important varieties. This method has been propa- 
gated by VALLEGA in Argentina (26, 27). When a wheat variety is severely damaged 
by a new rust race it can be replaced immediately by a resistant line. The system of 
replacing lines has advantages as well as disadvantages. The new race has the oppor- 
tunity of causing severe damage during one or a few years and the building up of a 
large inoculum may present a danger for the wheat crops of neighbouring countries. 
On the other hand only a few resistant lines are grown in one period and this restricts 
the chance of selecting new rust races. 


Another procedure is applied in Mexico, Columbia and Kenya, on the initiative of 
BORLAUG in Mexico (4, 5). A number of backcross lines of one recurrent parent 
differing in the genetic constitution of their resistance but identical in all other charac- 
teristics are mixed together to form a composite variety. 

In the American literature these backcross lines are called isomorphic lines; they 
are mixed to a multiline (multilineal or composite) variety. On the basis of the gene- 
for-gene relation we may assume that as a rule a new race attacks only one line. In 
that case the maximal yield reduction does not exceed the yield of that one line. How- 
ever, the damage will be seldom very severe since the resistant lines in the mixture 
slow down the dispersion of the new race (see also under 10). 

The building up of a large inoculum endangering the crops of neighbouring coun- 
tries is minimal: When one of the lines of the multiline variety is attacked by stem rust 
it can easily be replaced by an isomorphic substitution line with other genes for stem 
rust resistance. 

The two procedures, substitution of single lines and the production of multiline 
varieties, have been described in the literature and are now being carried out. Results 
have not yet been published. 

A third procedure has been suggested by JOHNSON (15). He proposes to distribute 
the genes for resistance over the various agricultural areas in such a way that each 
agricultural area receives one gene for resistance, while this gene shall not be used in 
other agricultural areas. When such a programme has been realized, a new race will 
remain confined to one agricultural area only. 
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10. CONDITIONS IN EUROPE VERSUS AMERICA 


The possibilities discussed above cannot be adapted immediately to the situation in 
Europe. In America wheat breeding problems are focussed on breeding for stem rust 
resistance. In Europe, however, the main breeding objective is yield; breeding for 
rust resistance ranks second. An obstacle is the lack of a general organization directing 
the breeding on the European continent. Whereas in America breeding programmes 
of most states are centralized in national institutes, in Europe they are conducted by 
a large number of private breeders. In America the search for resistant parents is well 
organized while there is also a free exchange; however, in Europe most breeders search 
for resistant parents in their own way and they are tempted to keep them for them- 
selves only. 

It is encouraging that international co-operation also in this field is in progress. In 
this connection [ may mention the “International European Rust Nurseries”’ orga- 
nized by SANTIAGO in Portugal, and the “International Yellow Rust Trials” organized 
by the “Netherlands Grain-Centre”’. 


When the resistant parents have been found the three procedures described above 
should again be considered. 

The first procedure, breeding of substitution lines, has no practical significance for 
Europe. European breeders try to replace a variety for another one with better 
resistance to diseases, better agricultural features and higher yield. 

The third method, one resistance gene for every agricultural area has been realized 
to some extent. This could be easily demonstrated with the aid of a map of Europe 
indicating the areas of the most popular wheat varieties. In view of the European 
situation characterized by a large number of varieties and a free choice of variety by 
the farmer we can in fact hardly improve this local distribution of resistance genes. 
There remains only the second way: the production of multiline varieties. 

No practical experience with multiline varieties has come to the author’s knowledge. 
For the present we should be satisfied with experience about a mixture of varieties. In 
the literature it is stated here and there that a mixture of varieties in one year seldom 
produces more than the best of its composing varieties. However, over a number of 
years the average yield of the mixture generally surpasses the average yield of the 
composing varieties. 

In order to study the phytopathological effect of a mixed culture of resistant and 
susceptible varieties we sowed in 1958 one ha of the wheat variety Heine VII which 
is very susceptible to yellow rust, one ha of Panter which is resistant to yellow rust, 
and one ha of a mixture comprising 50 % Heine VIT and 50 % Panter. In July we 
established a favourable result of the mixed culture, which could be attributed to the 
slowing down of spore dispersal by the resistant plants of the mixture (table 5). 

In Europe legal difficulties stand in the way of multiline varieties. For instance, 
regulations in France are very stringent: no multiline varieties are admitted. In Ger- 
many and the Netherlands multiline varieties are, with some restrictions, permitted 
to be entered into the official lists of varieties. However, in these countries there are 
no definite rules regulating admission, suppression. or substitution of lines. 
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TABLE 5. YELLOW RUST (PUCCINIA GLUMARUM) IN A VARIETY 


MIXTURE 
Vaer | Rt percentage of 
eaf surface attacked 
Hee ven | 10.5 
Miüxture toper arden fl j l 3 5 a 


50% Heine VII 
50% Panter 


Panters sons? | 0.0 
P< 0.01 


For practical breeding purposes the multiline variety presents technical advantages. 
A backcrossing programme comprising many lines with each only one gene for re- 
sistance is easier to realize then a programme involving only one line with many genes 
for resistance. A disadvantage of a multiline variety is the presence of many genes 
for resistance in one small area, which might lead to accumulated selection of new 
races. However, we hope that multiline varieties will slow down the speed of evolution 
of new physiologic races so that our crops will remain healthy. 


SAMENVATTING 


Fysiovorming bij parasieten van planten 


Nieuwe fysiologische rassen kunnen ontstaan door mutatie, kruising of hetero- 
karyose. Met behulp van de gen-om-gen hypothese van FLOR kan de genetica van de 
gastheer-parasiet interactie duidelijk worden gemaakt. 

De resistentieveredeling is een belangrijke factor in het verschijnen van nieuwe fysio- 
logische rassen en in de evolutie van de pathogeniteit. 

In Amerika wordt de resistentieveredeling van tarwe als volgt uitgevoerd: 


Ll. Nieuwe resistentiebronnen worden gezocht door grote collecties rassen en krui- 
singslijnen te toetsen. 

2. Landbouwkundig waardevolle rassen worden gekruist met een reeks van resisten- 
tiegeniteurs; de kruisingsproducten worden enkele malen teruggekruist met de uit- 
gangsrassen. Op deze wijze verkrijgt men voor ieder ras een reeks van landbouw- 
kundig belangrijke lijnen die in vele eigenschappen sterk overeenkomen, maar die 
verschillen in de genetische samenstelling van hun resistentie. 

3. Wanneer het programma tot zover is uitgevoerd, kunnen verschillende wegen 
worden gevolgd: 

a. Resistente vervangingslijnen kunnen worden gekweekt en in voorraad worden 
gehouden, teneinde een landbouwkundig waardevol ras, dat zijn resistentie ver- 
liest, te vervangen. 

b. Met behulp van een aantal in landbouwkundige eigenschappen goed overeen- 
komende lijnen, die in de genetische samenstelling van hun resistentie verschil- 
len, kan men een samengesteld ras produceren. Hierdoor wordt het risico van 
grote opbrengstdervingen ten gevolge van epidemieën verkleind. 
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c. Men kan de verschillende vormen van resistentie distribueren over de verschil- 
lende landbouwgebieden, zodat ieder landbouwgebied zijn eigen type van resis- 


tentie bezit. Zo zal een eventuele epidemie tot slechts één landbouwgebied be- 
perkt blijven. 


De Amerikaanse werkwijzen kunnen niet zonder meer naar Europa worden over- 


gebracht. Voor Europa lijkt de meest belovende toepassing van de nieuwe mogelijk- 
heden het samengestelde ras. 
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ABSTRACT 


During the very wet summer of 1956 observations were made on the damage done 
to the foliage by Phytophthora infestans in about 2,000 small seedling-clones of 35 
cross-combinations. In part of these crosses the genes R‚ and R3 for hypersensitivity 
were involved. 

The degree of field resistance of the material devoid of R-genes seems to be go- 
verned by a series of minor genes and it is difficult to draw a clear-cut conclusion as 
to dominance relations. 

The R-material did not show any lesion during the initial stage of development of 
the epidemic. However, with the rapid growth of the population of the parasite phy- 
siologic races came to the fore and ultimately also the R-material was more or less 
heavily attacked. 

The data indicate that the degree of field resistance of the R-clones to the new 
biotype is also governed by a set of minor genes and probably by the same set as 
present in the material devoid of R-genes. As with the common varieties, in the R- 
material there is also a close relation between earliness and a low degree of field 
resistance. The value of the complex of genes for field resistance that may be present 
in the wild Mexican species and notably in S$. demissum is discussed. Finally the 
influence of the plasticity of the Phytophthora population is considered. 


INTRODUCTION 


In the year 1956, 35 cross-combinations consisting of 20-100 F‚-clones of three 
plants each were grown on a heavy clay soil near the Institute of Agricultural Plant 
Breeding at Wageningen. 

Originally this material was planted to provide tubers for studying ín rough out- 
line the heredity of cooking and frying quality. However, the summer was extremely 
rainy and the tubers were so heavily attacked by Phytophthora infestans that of many 
crosses a few reasonable samples only could be harvested and for that reason the 
programme had to be abandonned. 

It was realized that the severe epidemic offered a unique opportunity for a study 
of the inheritance of field resistance to Phytophthora infestans of the leaves) as well as 
of the tubers. 


1) Field resistance, according to the definition of BLACK (1), is taken to include all forms of in- 
herent resistance that plants may possess with the exception of hypersensitivity as controlled by 
R-genes. 
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The presence everywhere in the field of plants of the control varieties Eigenheimer 
and Climax which both are very susceptible in the leaves, guaranteed the shedding of 
large quantities of inoculum for a considerable and continuously rainy period. There- 
fore the conditions for a uniform and heavy attack of tubers and leaves were amply 
fulfilled. 

In part of the crosses the genes R, or R3 for hypersensitivity were involved and 
consequently there was an opportunity to study their effect in rough outline. 

In this publication the resistance of the foliage is treated. 


PRESENTATION OF DATA 


The notes on the damage done to the foliage were made from 5-15 August accord- 
ing to the following scale: 


0 = no single lesion observed, 

1 — some lesions found on close inspection, 

2 — some lesions observed on superficial inspection, 

3 — many leaves attacked but as a general impression the plant is still green, 
4 — some green leaves left at the top of the vines only, 

5 — stalks and foliage completely destroyed. 


In table | the data are presented as far as concerns crosses in which no hyper- 
sensitivity genes (R) are involved. The degree of field resistance of the parent-varieties 
is indicated according to a scale ranging from 1 to 10 (susceptible to resistant) used 
in the Dutch Official List of Varieties and by HOGEN EscH and ZINGSTRA (5). 

At the time the notes were made the susceptible varieties with field resistance 3, 
4 and 5 were completely killed (5), the damage done to the moderately resistant va- 
rieties (6 and 7) could be evaluated at 4 or sometimes at 3. The highly resistant ma- 
terial (8) in most cases had lost half of its leaves (3) whilst less damage (2) was done 
to some of them. 

The field resistance of all parent varieties is well known and based on many years 
observations on numerous experimental plots. The G-clones, however, are rather 
young seedlings, but one cannot be far wrong if on an average their resistance is 
estimated at 8, as they are derived from the cross Noordeling (8) x Libertas (8). 

For the crosses in which the genes R‚ and R3 are involved, the data are presented 
in table 2. They need to be considered against the background of the interaction 
between field resistance and hypersensitivity and the development in the field of a 
population of sporangia capable of attacking the leaves of the hypersensitive plants. 


DISCUSSION 


Although the parents of the crosses were not chosen for the purpose of studying 
the inheritance of field resistance, there is enough variation in the parental combi- 
nations to draw some conclusions of a very general nature. 

In the first place our attention is drawn to the data of table 1. 

In this material no R-genes are involved and the field resistance is not obscured by 
the occurrence of hypersensitive seedlings. It appears that: 
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TABLE 1. DEGREE OF DAMAGE DONE TO THE FOLIAGE OF THE F,-CLONES OF CROSS-COMBINATIONS IN 


WHICH NO HYPERSENSITIVITY-GENES (R) ARE INVOLVED 


Frequency distribution according to the 


Field resist f t 
ne ere degree of damage done to the foliage 


according to HoGeN Escu 
and ZiNGsTRA (2) 


Cross 
combination 


orrnfezefason cdulesdtn 
| | | 
Bintje x Gineke 3 XxX 8 LZ (B Nl Ie St AES 
| 
Saskia x Record | 4 x8 | EAN cd A in 
Sirtema x Libertas | ANS Gol A AES 
Opperdoese Ronde selfed | 5 | | | 37 4.50 
Sirtema x Fransen DX | 117 4.50 
Bravo x Libertas | 58 4 LA TONES D 
Bravo x Record | DS 4 ehh Alk Il Zl Sh SE 
Eigenheimer x Libertas | 5 X8 | LO EAO LS 2 | 3.04 
Oberarnbacher Frühe selfed | 17 | | 40 4.50 
Rode Star x Profijt | 107 TOEN ES ONES NED 
G 2583 x Voran ” ONT, 3 SER ee 1 3.47 
G 2714 x Voran | 82 x 7 1 l 820 9 2.90 
Rode Star X Gineke TERS 5 16 | 24 5 belle 214 
Rode Star Xx Record 7 Xx S8 | | oe ls) OS03 
| | 
Irene x Libertas 8 x8 7 1 nl 7 1e 2056 
Noordeling x Libertas 8 x8 123 0 SEN LR ZO77 
G 638 x Libertas 8? x 8 lane 25 6 2 | 1827 
G 2439 x Libertas SES 3 1329 3 2.61 
G 2583 x Libertas 8? x 8 3 4 2 1 DES 
G 2439 x Prof. Broekema 82 x8 6 12 2, 2) Dl 


. erossing two susceptible plants or selfing such a plant (5 Xx 5) results in an over- 
whelming majority of equally susceptible F‚-seedlings. 

„the F, of a cross between highly resistant parent varieties (8 Xx 8) strongly tends 
to a high degree of resistance. A substantial number of seedling-clones occurs which 
show even less damage than their parents (transgression). 

„ cross combinations between moderately and highly resistant parents (5 X 8) show 
a wide variation, but the mean tends to the resistant side. A small number of extre- 
mely resistant seedlings occurs. 

. the offspring of crosses between highly resistant and highly susceptible parents 
(3 x 8 and 4 x 8) consists of a majority of very susceptible plants, though some 
highly resistant ones can be observed. 


It is interesting to note the large difference between both 7 x 8 crosses: Rode Star 
x Gineke and Rode Star x Record. Such a difference also occurs between the cross 
Rode Star x Profijt and the selfing of Oberarnbacher Frühe, both being of the 7 x 7 
type. From such differences it is obvious that varieties with the same degree of resis- 
tance may be widely different genotypically. For this reason it is difficult to draw 
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TABLE 2. DEGREE OF DAMAGE DONE TO THE FOLIAGE OF THE F‚-CLONES OF CROSS-COMBINATIONS IN 
WHICH THE GENES R; OR Rs ARE INVOLVED 


Field resistance Frequency distribution according Number of 
it of parents to the degree of damage seedlings lacking 
Cross combinaticn according to 0 

See 0 1 | 2 | SA 5 ede 
Rs-crosses | 
Eersteling x Maritta (R‚) 808 | | IS 2202 SO | +45 
Maritta (R‚) x Libertas SRS 16 8 9 12 5 li ® 
Rz-crosses 
Bintje SL ONERA) ZIT Mias 4 | 60 +10 
Eersteling XS IOICRs) 3 IL A 4 | 60 ae 
Eigenheimer Xx S 10 (R;) Dr GI 43 We) 17 3 + 7 N 
Eersteling x Black 1257 (R3) | St 19 let lS jz dr ll 
Eersteling xXx G 865 (R;) | ge 16 6 Ore + 5 
Bintje OS ISNER) SNTE 16 el Ad 243 +10 
Eigenheimer Xx S 15 (R3) TLN NZ | en KOPIE! 4 2 
Noordeling xS 15 (R}) SORT LN IEN Ì leden ap 3 
Pimpernel _x S 15 (R3) 9 x 72 27 een EE. 
Bintje x G 3009 (R;) 3 X-9 16 | | 4 4 — 4 
G 2053 Xx G 3009 (Rs) 82x9 | | 6 26m Ea) 
R‚Rs3-crosses | | | | 
Eersteling Xx 19268 (R‚R3) | Sne 0) 31 GM ELSEN NLS a OLON 2 +45 
Eigenheimer x 19268 (R‚R;) | 5e) ie3Sok3 Edu Breed 250) +19 


conclusions from these data concerning dominance relations. It is clear, however, 
that the degree of resistance is governed by a set of minor genes, many combinations 
of these genes inducing the same effect. 


The data presented in table 2 demonstrate the interaction between the genes for 
hypersensitivity and the minor genes for field resistance. 

Theoretically the F,-generation of the crosses with one R-gene should consist of 
50 % hypersensitive seedlings and 50% susceptible ones, these percentages being 
75 and 25 respectively when both genes are present. In the absence of the pathogenic 
races (1), (3) and (1.3) all hypersensitive plants should occur in column 0 and the 
susceptible plants should be more or less damaged according to their degree of field 
resistance. 

From experience it is known that hypersensitive (R) varieties show wide variations 
in degree of field resistance, which can be observed when the appropriate pathogenic 
races of the parasite come to the fore. There is for instance a great difference between 
the German R‚-varieties Maritta and Aquila, the former being the more resistant one. 

At the time the notes were made the race (1) had already made its appearance on 
the rather resistant variety Maritta. The race (3) however, had not yet produced any 
lesion on the rather susceptible R3-variety Ambassadeur, though it may already have 
started on some very susceptible seedlings in an adjoining trial field. 

The deficiency of the number of seedlings in column 0 therefore can be readily ex- 
plained by the presence of both pathogenic races. The fact that this deficiency in the 
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R, crosses is more obvious than in the R;-group is in line with the fact that the develop- 
ment of race (1) was more advanced than that of race (3). 

The two R‚-crosses in which Maritta is involved differ greatly in the number of 
plants in the column 0 and 1. All the R, segregants of the Eersteling cross obviously 
are already attacked whilst in the Libertas cross most of them still are completely free 
from lesions. Such a difference, though less pronounced, also can be observed when 
comparing both crosses with the German seedling 19268. 

As race (3) was much less frequent in the field the vast majority of hypersensitive 
Ryseedlings occur in column 0. In this material interesting differences can be ob- 
served as concerns the degree of attack of the susceptible hybrids, when comparing 
the crosses with the hybrid-clones S 10 and S 15. The seedlings derived from S 10 
nearly all are heavily damaged, whereas in the S 15-crosses a notable number of seed- 
lings occur that are less seriously attacked. S 10 derives from the highly susceptible 
variety Saskia and S 15 from the highly resistant Libertas. 

The above facts can be readily understood when assuming that the degree of field 
resistance of a variety or seedling-clone is the same for the common population of the 
fungus as for the physiological races derived from it. 


Obviously the hypersensitive parents used in the crosses also contain a series of 
minor genes for field resistance. As this material is the product of repeated back- 
crossing of Solanum demissum with tuberosum varieties, in all probability most of 
these genes are derived from the latter species. 

Having been in contact with Phytophthora infestans for a very long time and pro- 
bably much longer than S. tuberosum, the species S. demissum may have developed 
a system of minor genes of its own, in addition to the hypersensitivity genes. These 
genes, at least in part may be different from those of S. tuberosum as since tertiary 
times both species and their precursors have developed very much isolated from each 
other, viz.: S. demissum in Mexico and S. tuberosum in South America. 

Therefore chances are, that among the minor genes of S. demissum there are such as 
do not exert any influence on ripening time. With the aid of these genes the breeder 
might be able to break the most inconvenient and strong correlation between a high 
degree of susceptibility and earliness (Toxopeus, 9). Even the smallest chance in this 
direction should be used. 

With respect to this problem it is instructive to consider the fate of the minor genes 
for field resistance in the program of breeding for hypersensitivity, as it has been 
conducted until recently. In this program in a comparatively short period large series 
of subsequent backcrosses of S. demissum with tuberosum-varieties have been made. 
The hybrids that were chosen for further backcrossing all were in possession of one or 
more R-genes. For the presence of these genes, however, their degree of field resistance 
could not be estimated as physiologic races did not make their appearance or only 
to a negligeable extent. Consequently the chance of loosing valuable genes for field 
resistance from S. demissum and of course from the S. tuberosum parents also, must 
have been rather great. 

The first scientists using S. demissum for breeding purposes were much impressed 
by the very wild habit of this species. They were a priori convinced that seedlings of 
commercial value could not be gained but after repeated backcrossing with varieties. 
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However, when studying first backcross generations it is astonishing to see how 
freely all kinds of characters recombine and how attractive some seedlings of some 
cross combinations are. It should be kept in mind that first backcross seedlings al- 
ready contain genes of two varieties of S. tuberosum and the possibility should not be 
excluded to find among a sufficiently large number of such seedlings a few that are 
near to variety standard, especially in good combinations as concerns the two sub- 
sequent tuberosum parents. 

If the number of backcrosses is restricted, there will be time for more intensive 
selection of the subsequent parents in the breeding program; for commercial charac- 
ters as well as for field resistance with the aid of speciâlised races of the parasite. In 
this way the effect of the hypersensitivity genes can be combined with that of a power- 
ful set of minor genes for field resistance. We can only hope that such a protection 
against Phytophthora also can be combined with earliness. 


Until recently only S. demissum and to a lesser extent species of the series of Longi- 
pedicellata have been used in a breeding program. However, among the large num- 
ber of wild Mexican species there are others that show resistance of some kind but 
they are difficult to cross with S. tuberosum. The results of recent studies of GRAHAM, 
NIEDERHAUSER, ROMERO and SERVÍN (3, 4) very much stress the importance of this 
material. 

Now that we have to look for other sources of resistance the problem of overcoming 
the sterility barriers should be tackled. With our increasing knowledge of the relations 
between the tuber-bearing Solanum species, with all the material at our disposal and 
colchicine in our hands for chromosome doubling, there are many more possibilities 
for the transfer of the genes for resistance of this material into S. tuberosum than some 
20 years ago. 


At the end of this discussion the composition of the inoculum should be briefly 
considered. In many publications the question of the “plasticity” of Phytophthora 
infestans is discussed and the results of several experiments indicate, that the “viru- 
lence” or “‘aggressiveness”’ of this parasite is not stable by far (Mirrs, 6). By repeated 
passage the fungus can be adapted more or less to a given potato-variety (DE BRUYN, 
2). Recent studies of THURSTON and EDE (7) prove that this adaptation very well can 
be the result of selective forces changing the genetical composition of the population. 

The indisputable fact that there are very old varieties that still are highly resistant 
and others that are known for a long period to be highly susceptible, indicates that the 
fungus can adapt itself only to a limited extent. There must be a kind of a residual 
store of resistance that cannot be broken down by the pathogenic potencies of the 
parasite. This residu we could call the basic field resistance and whether or not a clone 
shows its basic resistance depends on the degree of adaptation the population of 
the fungus could attain under prevailing conditions. 

There is no doubt that Phytophthora could not obtain by far its maximum adapt- 
ation to all the many genotypes in the experimental field. Therefore the highly re- 
sistant selections may loose part of their resistance if their introduction into the pract- 
ice is a success, especially if they get a dominant position in the region. Such a decline 
is mentioned for Magnum Bonum, Champion and Voran (DE BRUYN, 2; TOXOPEUS, 8). 
This conception of course weakens the general conclusions drawn from the above 
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observations, to what extent cannot be known. It also sets a limit to the possibilities 
of testing for a lasting high degree of field resistance. 

A study of the interaction between the population of the parasite and the varietal 
composition of the potato area is of great importance. It may very well be, that a 
well-balanced assortment of potato-varieties prevents the parasite to attain its highest 
degree of adaptation to each of the components and keeps in check the degree of 
damage done to the crop as a whole. 


SAMENVATTING 


Gegevens over de erfelijkheid van de veldresistentie * van het blad 
van Solanum tuberosum tegen Phytophthora infestans 


In de zeer regenachtige zomer van 1956 konden waarnemingen worden gedaan 
over de graad van aantasting van blad en knollen van meer dan 2000 zaailing-klonen, 
elk bestaande uit 3 planten. Deze zaailingen behoorden tot 35 kruisingscombinaties. 
In een deel van deze kruisingen waren de erffaktoren R, en R3 voor overgevoeligheids- 
resistentie betrokken, zodat ook de invloed daarvan kon worden bestudeerd. 

De graad van aantasting van het blad (tabellen 1 en 2) wordt door een serie genen 
elk met een gering effekt bepaald. Over het geheel genomen valt er een neiging tot 
dominantie van een grote mate van vatbaarheid te constateren. 

De aanwezigheid van een R-gen houdt de aantasting tegen, tot de epidemie zich 
zover heeft ontwikkeld, dat het aantal sporangien, dat de invloed van het R-gen kan 
doorbreken, in de populatie van de parasiet zo groot geworden is, dat er een eerste 
bladvlek kan ontstaan. Van deze eerste vlek uit ontwikkelt zich dan een epidemie van 
het nieuwe fysio in de aanplant. Dan blijken er ook voor deze nieuwe rassen van 
Phytophthora grote verschillen in veldresistentie onder de R-variëteiten van de aard- 
appel te bestaan. Evenals bij de gewone aardappelrassen zijn ook de vroege R-varië- 
teiten het vatbaarst. 

De erffaktoren voor veldresistentie van de R-variëteiten, die door herhaalde terug- 
kruising van de wilde soort S. demissum met aardappelrassen zijn ontstaan, zullen in 
hoofdzaak van S. tuberosum af komstig zijn. Het is van belang dat er wordt getracht 
naast de R-genen de erffaktoren voor veldresistentie, die mogelijk in S. demissum aan- 
wezig zijn in het veredelingswerk te betrekken. Tot nu toe zijn deze genen in het terug- 
kruisingsprogramma verwaarloosd, omdat alleen maar op de aanwezigheid van de R- 
genen werd gelet. Van de kans — hoe gering misschien ook — dat deze genen op de 
rijptijd van de aardappel geen of in mindere mate invloed oefenen dient gebruik te 
worden gemaakt. 

Behalve S. demissum komen in Mexico nog vele andere wilde soorten voor die een 
hoge graad van resistentie vertonen. Deze soorten zijn moeilijk met aardappelrassen 
te kruisen en daarom nog niet in het veredelingswerk betrokken. Daaraan dient nu 
aandacht te worden besteed. 

Een belangrijk punt is tenslotte de genetische samenstelling van de Phytophthora- 


1 De term „„veldresistentie” wordt gebruikt in overeenstemming met het engelse woord „field 
resistance” en in afwijking met het in het duitse taalgebied gebruikte woord „„Inkubationsresistenz”’. 
Dit laatste woord zegt iets omtrent de oorzaken. Verschillen in incubatietijd zijn echter slechts gedeel- 
telijk oorzaak van de verschillen in veldresistentie. De term veldresistentie is geheel neutraal. 
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populatie, welke de schade veroorzaakt. Het is wel zeker dat deze samenstelling zich 
onder invloed van de samenstelling van de aardappelaanplant wijzigt. Men mag niet 
aannemen, dat in het boven beschreven experiment de schimmel aan al de vele aard- 
appelzaailingen maximaal zou zijn aangepast. Daarom is het waarschijnlijk dat vele 
van de meest resistente zaailingen bij verbouw in het groot, waarbij de schimmel zich 
kan aanpassen, een deel van de hoge resistentie zal kunnen verliezen, zoals dat ver- 
moedelijk het geval is geweest bij Magnum Bonum, Champion en nu bij Voran. 


In hoeverre deze mogelijkheden de conclusies beïnvloeden, welke uit de waarnemin- 


gen zijn getrokken, kan voorshands niet worden beoordeeld. 


eN 
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ABSTRACT 


In order to establish the effect of inbreeding in Cyclamen, one motherplant of ‘Rose 
van Aalsmeer’ was used to produce successively five inbred generations, 1, Lb, Is, I4, 
and 1. Similarly, one motherplant of “Wit met oog fimbriata’ was used for the pro- 
duction of an I,, an Is and an I,. By keeping the motherplants alive, plants could be 
obtained which, although belonging to different generations, were of the same age. 
Comparison of the numbers of flowers formed by these plants during their first 
flowering season showed a clear effect of inbreeding, especially in the 13, I, and Is, 
consisting of a significant reduction of the mean number of flowers. When two inbred 
lines, either of one variety or belonging to the two different ones, were crossed, the F, 
reached the level of the I,. In both cultivars there were rather large differences among 
individual lines, some showing a strong effect of inbreeding, while in others the effect 
was only slight or sometimes even absent. 


1. INTRODUCTION 


The various cultivars of Cyclamen persicum, commercially among the most im- 
portant potted plants of the Netherlands and other Western European countries, are 
propagated by seed. In order to obtain this, carefully selected motherplants have to 
be grown in heated greenhouses where each flower is pollinated several times by hand, 
which makes the seed one of the most expensive in the trade. Nevertheless, the issue 
leaves much to be desired. Apparently a great genetical heterozygosity still exists, as 
many cultivars breed true for only 80 %, or even less. 

There are various reasons for this, one of the most obvious being that most cultivars 
are autotetraploid, while in practice self-pollination is never applied. This is not 
because of self-sterility of Cyclamen. WASSCHER (2) has shown that the fruit set is just 
as good after selfing as after crossing, although in the latter case the number of seeds 
per fruit is somewhat greater. However, it is the belief of the seed growers that self- 
pollination yields slow growing, late flowering plants. 

It was the purpose of the following experiments to find out whether this is actually 
true, and if so, to establish how large is the effect of inbreeding on one of the most 
important characters of the plant, viz. the number of flowers. 


2. MATERIAL AND METHODS 


For these experiments two cultivars were used, “Rose van Aalsmeer’ (salmon pink, 
HCC 22/1 or 722/2-3) and “Wit met oog fimbriata’ (white with purple base, frilled 
edges). Like most other cultivars, both are autotetraploids. 


125 


S. J. WELLENSIEK 


Although usually grown as a biennial, Cyclamen is a perennial plant which may 
flower each year for an indefinite number of years. The general method followed was 
to keep the motherplants alive, so that an I, could be reproduced at will by self- 
pollination of the I, ;, and plants of the same age of the IL, Ic +1» Ly +2,-…. could be 
compared. This method was followed up to the I,. Afterwards the material had to be 
reduced for practical reasons, so that of the I; only a limited number of plants was 
grown. 

The inbred generations were not only compared with each other, but also with the 
F‚’s of various generations of “Rose van Aalsmeer’ ae with F‚’s of inbred plants of 
this variety and “Wit met oog fimbriata’. 

The pollen was collected on the nail of the thumb or on a cover glass by gently 
knocking the flower against it. Pollination was done by dipping the stigma into the 
collected pollen. As the chances of spontaneous pollination in the greenhouse are 
almost nil, the self-pollinated flowers were neither emasculated nor isolated. However, 
in the case of crossing both precautions were taken, also because isolation by embag- 
ging was shown to promote fruit setting. 

Flowering started in September or October and continued for several months. The 
seed ripened in April or May and was sown in August. Except for three cases, which 
will be mentioned specifically, all data to be given pertain to plants that were about 
one and a half year old and flowered for the first time. The number of flowers was 
established for each plant individually. With regular intervals the flowers that started 
to fade and had to be removed were counted. This work was done by the following 
persons, who were students at the time: Mrs Ir. J. C. W. SCHILTMAN-DIJKEN, Ir. J. 
A. TRIMPE BURGER and H. J. Koor. During the last two seasons all observations were 
made by Miss ANNEKE MANGER. The total material comprised over 4,270 plants of 
which the flowers were counted during a period of about 4 months. 

The writer is indebted to Dr. K. VERKERK, who spent much time on the mathe- 
matical treatment of the data. He applied a ‘studentized range test’ in the form pro- 
posed by M. Krurs (1). When in the following a difference is said to be significant, 
this means that the same difference will occur in at least 95 out of 100 cases. 


3. RESULTS 


3.1. Cultivar “Rose van Aalsmeer’ 


In 1951 the F,, the IL, and the Il, of the motherplants mp 129 and mp 143 were 
simultaneously in flower. The mean number of flowers of the I, of mp 129 was 31.0, 
that of the L, of mp 143 was 29.0, while the F, of both motherplants had 30.0 flowers. 
Thus there was no significant difference in result between self- and cross-pollination. 
In the 1, however, the number of flowers was much lower, being 23.7 in the 6 I,-lines 
of mp 129, and 20.8 in the 6 I-lines of mp 143 (preliminarily published in 3, p. 776). 
All individual I,-lines had less flowers than their respective I,’s. 

In the following years this experiment was repeated and gradually extended to the 
following inbreeding generations. The results are summarized in table 1. These data 
concern only the off-spring of motherplant 143, as the issue of motherplant 129 had 
to be discarded owing to lack of greenhouse space. 
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TABLE 1. -MEAN NUMBER OF FLOWERS OF THE I, Is, Is: 4, I; OF ONE MOTHERPLANT OF THE CULTIVAR 
“ROSE VAN AALSMEER) AND THEIR F‚’S 


Number of L L Ls L, L Lxa Lxe | Lixo Lxs Lixa 
1951/52 | | | 

lines 1 6 | | 

plants 43 180 | | | 

flowers __ | 31.0 | 23.7 | | | | 
1953/54 | | | | | | | 

lines 1 AN | | 

plants 42 [638 |450 | | | 

flowers 20.3 | 19.3 | 141 | | | | 
1955/56 | | | | | | | | | 

lines l 11 5 J/ 4 A D 5 

plants 23 | 330 De) 22 90 20 67 19 119 

flowers | 35.6 28.6 26.5 24.6 | 37.3 31.8 29,1 42.7 \ 34.6 
1957/58 | | | | 

lines Eri 2 3 (OS 2 

plants IG) | 129 EMO8 15) 38 | | 26 

flowers 34.0 | 24.4 \ 18.0 © 16.0 | 15.3 | 224 


1) Old plant, flowering for the third time 


The plants flowering in the 1953-’54 season belonged to three generations, viz. Lj, 
I, and 13, consisting of 1, 12 and 8 lines, respectively. As can be seen from table 1, the 
average number of flowers per plant was 20.3 in the 1, 19.3 in the I, and 14.1 in the I3. 
The difference between I, and 1, is not significant, but the number of flowers of the 1; 
is significantly lower than that of the two preceding generations. However, when the 
individual lines were compared, it was found that although the majority of the I- 
lines was inferior to the lines of the preceding generations, some did not differ sig- 
nificantly from the latter and one even reached the average value of the Is. 

In 195556 observations could be made on the number of flowers of the 1, 1, La 
and 1,, and of five different groups of F‚’s of these inbred plants (see table 1). As the 
degree of inbreeding increased, the number of flowers decreased, but the differences 
among 1, 13 and 1, were not significant. Again the effect of inbreeding was less ap- 
parent when the lines were compared individually: there was an Ig-line with 34.5 and 
an I,-line with 28.3 flowers. On the whole, however, the effect was clear-cut. 

The same can be said of the effect of crossing. Taken as a group, the F‚’s equalled 
or even surpassed (although not significantly) their parents. Taken individually, some 
lines did not confirm to this rule. Some of the I} X L,-erosses barely equalled the flower 
number of an average Ij-plant. 

In the 195758 season the series of generations had been extended to include the Il. 
This I; can be compared with the I, and 13; the 1, and 1, have to be left out of con- 
sideration because they only comprised one plant each. The average number of flowers 
was 24.4 in the I,, 18.0 in the I, and 15.3 in the I,. The differences were found to be 
significant, except the one between I3 and I,. There was also an F, of Ij-plants, which 
had a number of flowers between that of I, and 1; and not significantly different from 
either. 
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3.2. Cultivar “Wit met oog fimbriata’ 


The first observations on this cultivar were made in 1953/54, when 1 L-line was 
compared with 5 I-lines. The mean number of flowers was 24.4 in the I, and 22.0 in 
the 1, but the difference, although small, was significant as there the values of the 
five individual I,-lines were very close together. 


TABLE 2. MEAN NUMBER OF FLOWERS OF L, le AND 13 OF ONE 
MOTHERPLANT OF THE CULTIVAR ‘WIT MET OOG FIM- 


BRIATA’ 
L ‘Ls Is 

1953/54 

Number of lines .... | Ì 5 

Number of plants. . . . 79 309 

Mean number of flowers . 24.4 22.0 
1955/56 

Number of lines .... | | 2 6 

Number of plants. . . . 90 38 67 

Mean number of flowers . 2421659 13.8 
1957/58 | 

INumberofilines wam | 2 

Number of plants. . . . | RE) Di 

Mean number of flowers . | __32.0 17.3 


1) Old plant, flowering for the third time. 


Two years later the 13 could be studied also. In this season the number of flowers 
was 24.2 in the 1, 16.9 in the I, and 13.8 in the I,. The difference between the I, and 
l3 was not significant. One Ij-line had more flowers than both I,-lines. Little can be 
said of the results in 1957/58. The 1, had far more flowers than the I,, but it consisted 
only of one plant that was flowering for the third time. 


3.3. Fis of ‘Rose van Aalsmeer’ and “Wit met oog fimbriata’ 


During the 1957/58 season there flowered a number of F‚’s between the 1, I, and 1, 
of ‘Rose van Aalsmeer’ and the analogous generations of ’Wit met oog fimbriata’. 
Unfortunately, in this year there were no comparable I,-lines of the former, nor 
L- or I-lines of the latter cultivar, so that only a limited number of comparisons could 
be made. These can be summarized as follows. 

The mean number of flowers of the F, of the I,’s was 33.5 when the 1,’s of ‘Rose van 
Aalsmeer’ were used as motherplants (5 lines, 457 plants) and 32.8 when they were 
used as fatherplants (2 lines, 40 plants). Both numbers are significantly higher than 
the flower numbers of the 1, of ‘Rose van Aalsmeer’ (24.4) and the 13 of “Wit met oog 
fimbriata’ (17.3). The same can be said of the F, of the I,’s (3 lines, 288 plants), which 
had 31.6 flowers. The F, of the I3’s (5 lines, 376 plants) had a mean flower number 
of 32.8 and thus surpassed both parents by far. There were no significant differences 
among the various F‚’s. 
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4. DISCUSSION 


If, to facilitate comparison of the various generations, the flower number of the I, 
is put at 100, the figures can be arranged as follows: 


EL, L L L, IL 
Cultivar ‘Rose van Aalsmeer? 


WEES le 100 76 

1953/54 100 05 69 

1955/56 100 80 74 47 45 
Cultivar “Wit met oog fimbriata’ 

1953/54 100 90 

1955/56 100 70 57 


Although, as stated above, not all differences are significant, these data taken as a 
whole do not leave the slightest doubt as to the occurrence of a detrimental effect of 
inbreeding in Cyclamen. This effect, however, apparently is not very great yet in the 
TL, and I,. In the first experiment no difference between F, and I, was found, and the 
differences between 1, and 1, are small and barely significant. It is only in the 1; and 
further inbred generations that the lines really begin to deteriorate. 

In the light of these observations, the fact that F‚’s of inbred lines are clearly 
superior to their parents, but do not surpass the I,, is not unexpected. j 

These conclusions refer to the number of flowers per plant. They were also clear 
with regard to the time of flowering, but these observations have not been worked 
out in detail. 

It is of interest to note that inbreeding does not always have a detrimental effect. 
It has been observed that, although it is a general rule that the 1, +, as a whole has a 
smaller number of flowers than the I,, there are lines in which the differences are 
only slight or even absent. A few times it has even been observed that an 1, +;-line 
surpassed one or more of the I‚-lines. This, however, although of importance for 
breeding programs involving self-pollination, does not alter the conclusion that for 
commercial seed production self-pollination should be avoided. 

When the experiments were started, most Cyclamen cultivars were tetraploids and 
there was no outlook for producing diploid ones on a large scale. As will be discussed 
separately, this situation has recently completely changed and it can be expected that 
diploid cultivars will gradually replace the tetraploid ones. This is the main reason 
why the experiments on inbreeding with tetraploid cultivars have been discontinued. 
New investigations with diploids have already started. 


SAMENVATTING 
Het effect van inteelt bij Cyclamen 


Ten einde de invloed van inteelt bij Cyclamen persicum na te gaan, werden, uitgaande 
van één moederplant van het ras ‘Rose van Aalsmeer’, achtereenvolgens 5 inteelt- 
generaties (L-Is) gekweekt. Op dezelfde wijze werden uit één moederplant van “Wit 
met oog fimbriata’ een I,, een I, en een Il; verkregen. Door de moederplanten jaren 
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in leven te houden, konden planten verkregen worden van gelijke leeftijd, doch be- 
horende tot verschillende inteeltgeneraties. 

Vergelijking van het aantal bloemen, dat deze planten gedurende hun eerste bloei- 
seizoen vormden (tabel 1 en 2) leerde, dat er een duidelijk effect van inteelt valt waar 
te nemen, vooral in de 13, IL, en I,, bestaande in een afneming van het aantal bloemen. 

Wanneer twee ingeteelde lijnen, hetzij beide behorend tot het ras ‘Rose van Aals- 
meer’, hetzij behorend tot verschillende rassen, werden gekruist, bereikte de F, in het 
algemeen ongeveer de waarde van de IL, 

Bij beide rassen bestonden er vrij grote verschillen tussen de individuele lijnen van 
één inteeltgeneratie. Terwijl sommige een sterke inteeltdegeneratie vertoonden, was 
het effect bij andere zwak of zelfs afwezig. 


ACKNOWLEDGEMENT 


The writer is indebted to Dr. J. DOORENBOS, who digested this article from the 
voluminous original report. 


REFERENCES 


Ll. Keurs, M., The use of the ‘studentized range’ in connection with an analysis of variance. Euphy- 
tica 1 (1952): 112-122. 

2. WASSCHER, J., Seed-growing experiments with Cyclamen. (Dutch, Engl. summ.) Meded. Direct. 
Tuinbouw 11 (1947): 329-341. 

3. WELLENSIEK, S. J., The breeding of Cyclamens. Rep. 13th Int. Hortic. Congr. London, 1952: 771— 
Tul 


130 


Euphytica 8 (1959): 131-136 
EUPHYTICA AND THE EXCHANGE OF PUBLICATIONS 


H.DE HAAN 
Institute of Agricultural Plant Breeding, Wageningen 
Received 2 Febr. 1959 


ABSTRACT 


The joint library of the Institute and Foundation for Agricultural Plant Breeding 
has ordered 80 subscriptions of Euphytica for exchange and the Editorial Board of 
Euphytica has placed 150 subscriptions at the disposal of a number of libraries at 
Wageningen. Therefore the exchange of publications has become an important aspect 
of the circulation of the journal. 

Euphytica is often combined with other publications for exchange, while on the 
other hand from one exchange address more than one periodical is received. From 
173 exchange addresses (57 subscriptions have not yet been used) 241 periodicals are 
received. Although some periodicals are of moderate importance (edited in a little 
known language) it can be stated that Euphytica contributes in increasing the range 
of periodicals at Wageningen. 

The exchange of reprint articles from Euphytica is promoted by presenting 50 frea 
copies to the authors and by enabling them to order an unlimited number of extre 
reprints at cost price (on an average 370 extra reprints per article). The exchange of 
these reprints has become rather widespread. Several institutions provide the reprints 
with a special cover in order to use them on exchange in their institute series as a 
separate issue or to use them as a presentation copy for visitors. 


INTRODUCTION 


Euphytica is to be considered as an experiment. Experiences are noted down and as 
soon as sufficient data on a certain aspect are available they are published. At present 
the exchange of Euphytica is increasing so that it may be of interest to give a survey in 
this field. 

Periodicals that are being issued by scientific institutes in general are liberally dis- 
tributed and used for exchange. Periodicals introduced by publishers usually cannot 
be obtained via exchange. Euphytica takes an intermediate position. On the one hand 
it is an autonomous journal whose expenses are covered by the income from ordered 
subscriptions, on the other it is used for exchange. On the one hand Euphytica tries 
to maintain a financial balance by taking into account the number of paid subscrip- 
tions when determining the number of pages per volume, on the other it promotes 
exchange with other scientific periodicals, even although it might be only to a limited 
extent. 

The reprints of articles published in Euphytica also form exchange material. 


THE IMPORTANCE OF EXCHANGE 
Although by new agreements for exchange some ordered subscriptions are lost, the 


131 


H. DE HAAN 


Editorial Board did not hesitate to provide 100 exchange subscriptions in 1953 and 
150 from 1955 onwards, representing an annual total sum of 2,250 guilders (600 
dollars). 

The aims of Euphytica could not be reached if too many numbers were held in 
reserve. Therefore various Wageningen libraries were asked to co-operate and to make 
terms for exchange. In this way Euphytica has become available in libraries where 
payment can be made only by means of exchange. 

The 80 subscriptions which have been placed at the disposal of the L.v.P—S.V.P. 
library by the Foundation for the Advancement of the Breeding of Field Crops also 
serve the exchange. 

It is important that through exchange the Wageningen stock of periodicals be 
supplemented or that a former agreement is placed on a sounder footing. As the 
Wageningen stock is a source for research workers, both in and outside Wageningen, 
contributors to Euphytica avail themselves of this literature (DE HAAN, 1). 

The exchange subscriptions will also contribute by making Euphytica known in 
wider circles and so widen the perspective for new ordered subscriptions ($ 4— per 
volume) and the purchase of back volumes ($ 4— per volume). 


THE DISTRIBUTION OF EXCHANGE SUBSCRIPTIONS 


The exchange-subscriptions in 1959 are as follows: 


Institute and Foundation of Agricultural Plant Breeding. . . . . ..... 80 
Return service for the work of the above mentioned Institute. . . . . . .. 25 
State Agricultural Library. Spoelen NE SO OEE 
Institute of Forestry.» 5 OEREN in Eee 
Institute of Horticultural Plant Breeding. Ee 
Horticultural-Laäbotatofy … nn net oetn  e n 
Laboratory of Genetics .. .. 10 

Secretary (the issues of foreign periodicalst: are Lod ö various St Waehinben 
Hbraries) 5. a Abe 
Total. 5 ed oen 


The despatch of 173 of the above-mentioned 230 number of exchange subscriptions 
is undertaken by the secretary himself, who also decides the exchanges to be made by 
different institutions. No use has been made so far of 57 exchange subscriptions that 
were granted. It should not be done in haste; the copies can be held in reserve. 

At intervals the list of addresses is brought up to date in order to ascertain whether 
they still comply with the terms of exchange and whether their exchange material is 
of reasonable value. If one of the libraries mentioned is not active enough in establish- 
ing addresses of exchange the agreement is revised. 


THE PERIODICALS OF EXCHANGE 


Euphytica is often used in combination with various publications for exchange, 
while on the other hand more than one periodical may be received from one exchange 
address. 
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It would be going too far to publish the list with 241 titles of agricultural periodicals 
received or to enter upon a classification. The following table gives a survey according 


to the country of origin. 


TABLE 1. SURVEY OF PERIODICALS RECEIVED BY LIBRARIES AT WAGENINGEN, IN EXCHANGE FOR EUPHYTICA 


& Peribtiet Number of Number of Free subscriptions 
Country of origin kadelved exchange ordered (abstr. 
subscriptions | subscriptions journals, etc.) 

Europe 

Austria . 13 7 6 

Belgium. . 12 9 16 

Czechoslovakia 13 3 tl 

Denmark .. 5 3 18 

Finland . . 4 4 5 

France .. 11 6 25 

Germany … 25 22 O2 

Great Britain 18 11 je) 10 

CHEER o 7 — = 5 

Hungary 5 4 — 

Italy .. SARER 5 6 29 

Netherlands . . . . l | OIS 31 

Norway. . 1 7 

Poland . 6 5 — 

Portugal 3 3) 3 

Romania .. 1 1 3 

Russia 5 5 | 15 

Spain. . 2) 7 | 5 

Sweden . . 11 6 10 

Switserland 4 4 6 

Yugoslavia 5 5 5 

Other countries — — 5 
Africa 6 5 61 
Canada . . 4 3 33 1 
U.S.A. Ee 20 15 107 1 
South America. . 17 8 34 1 
Australasia 9 6 17 
Asia 

China — = 18 

India . . 6 5 36 

Indonesia . . 4 2 5 

Isvaclkan 3 3 7 

Vapans. é 19 5 26 

Other countries 3 3 14 

241 18 857 44 


* Incl. 80 ordered by the L.v.P.-S.V.P. library. 
* Incl. + 60 forwarded by Dutch booksellers to foreign countries. 


The reserve is 526 (incl. 57 for exchange and 69 for presentation copies). 

The secretary of Euphytica has at his disposal an alphabetical card index system of 
the periodicals received in exchange of Euphytica, while in some cases he may mediate 
in contacting the libraries at Wageningen. 
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EXCHANGE WITH REPRINTS 


Contributors of Euphytica receive 50 reprints free of charge for every article they 
write. However, the institution where the author works as a rule orders a number of 
additional reprints at cost price. The reprints are sometimes incorporated as institute 
series by means of a special cover. In 1957 a total of 24,100 reprints were distributed, 
in 1958 this number amounted to 12,570 (on an average 13,820 per volume). 

The following survey gives an impression of the reprints per article from the seven 
volumes of Euphytica that have appeared so far. 


TABLE 2. NUMBER OF REPRINTS FROM ARTICLES IN EUPHYTICA 


Number of reprints Number of articles Total number of reprints 
distributed (incl. 5 notes) in Vol. 1-7 distributed 
50 | 30 | 1,500 
51-100 5 1,365 
101— 200 | 63 11,650 
201— 600 | 68 24,615 
601—1,000 44 | 31,800 
More than 1,000 | 9 | 25,825 
229 E 96,755 


When compared with other periodicals it appears that the authors of articles in 
Euphytica or the institutions where they work avail themselves of the opportunity 
of ordering extra reprints to a considerable extent. This was the case with 200 out 
of 229 articles. On an average 420 reprints per article have been distributed (50 free + 
370 extra reprints). It need not be emphasized that the reprints not only serve the 
purpose of Euphytica but that also the contributors or institutions where they work 
receive many publications in exchange. 


THE FUTURE EXCHANGE OF EUPHYTICA 


It is to be expected that the exchange agreements with a justified return will be con- 
tinued, while attempts will be made to increase the number to 250. 

The editors hope that various libraries at Wageningen will take the trouble of 
finding funds for paying for a few paid subscriptions for exchange purposes. The 
chance that this will be realized is favoured by the reasonable subscription rate. 

The experience with exchange subscriptions will guide the editors in fixing future 
procedures with respect to the number and the distribution of subscriptions over the 
various Wageningen libraries. 

The Editorial Board may grant more copies to the L.v.P—S.V.P. library in return 
for the editing of Euphytica. 

Assuming that in 1962 the number of paid subscriptions in the Netherlands will 
amount to 300 (220 +80 for the I.v.P—S.V.P.) and those of foreign countries 800, 
then 700 copies (if the impression is 1,800) will be available for exchange (in co- 
operation with Wageningen libraries), for presentation copies, reserve, etc 

It will soon be seen whether there is a market for 1,130 copies of Euphytica in 
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TABLE 3. SURVEY OF THE DISTRIBUTION OF THE CIRCULATION OF EUPHYTICA IN 1952, 1957 AND 1962 


(PROGNOSE) 

Groups of the mailing list of Euphytica | 2 | ae Sr 

| | 
Subscr. in the Netherlands (incl. book selling trade) .. ..... n 220 213220) 
Subscr. I.v.P—S.V.P. (exchange). .... dente en Ts 80 | 80 (80) 

Subscr. of other Wageningen Libraries Caches A Be Nt bele — = ? 
DUDSCHNADTOAT ELEN A va EET tn ME Al 180 547 | (800) 
| | 

Exchange subscr. for Wageningen libraries .. ........….. hs | 130 | (130) 
ROUTE vR SVR MEKChANLEN e n = 20 | (60) 
REEN OUTN ALS ee A | 10 26 | (40) 

Copies for institutions or persons who paid subsidies at the fo adaton | 
of Euphytica (valid until a sufficient return has been given) . . .. | 20 20 | (19) 
Presentation subscr. (1952), or presentation copies (1957, 1962) . | __765 164 | (51) 
keserveronsthetdavofsappearancen MeT EN ke DZD | 400 | (400) 

| r | T 

Impression. . . KR en Haa ln ratten ed td OOM aa ele | (1,800) 
Number of back RAundes DE A EA A EON Ed 147 (200) 
Number of volumes sold in the year mentioned .. ........ ‚480 987 | (1,300) 


foreign countries (800 subscriptions, 60 forwarded by Dutch booksellers, 130 ex- 
change by the Wageningen libraries, 140 exchange I.v.P—S.V.P. library). Considering 
remarks of visitors and letters from abroad and accounting for the extension of breed- 
ing research all over the world, I am rather optimistic in this respect. 

The ideal standpoint of the Editorial Board in regard to furthering the exchange 
has brought a good solution for Euphytica and for the Wageningen libraries as well. 
The experiment can be considered a successful one. 


SAMENVATTING 
Euphytica en het ruilverkeer 


Doordat de I.v.P—S.V.P. bibliotheek 80 abonnementen op Euphytica bestemt voor 
het ruilverkeer en de Redactie 150 exemplaren ter beschikking van Wageningse 
bibliotheken heeft gesteld, is het ruilverkeer een belangrijk aspect geworden. De ver- 
zending van deze ruilexemplaren geschiedt door de Redactie-secretaris, die in voor- 
komende gevallen tevens zijn bemiddeling verleent bij het tot stand brengen van nieuwe 
ruilafspraken. 

In vele gevallen wordt Euphytica gebruikt in combinatie met ander ruilmateriaal, 
terwijl omgekeerd van éénzelfde ruiladres dikwijls meer dan één tijdschrift ontvangen 
wordt. Van 173 ruiladressen (57 zijn nog niet gerealiseerd) worden 241 tijdschriften 
ontvangen. Ofschoon de waarde van een aantal matig is (te populair of in niet toe- 
gankelijke taal), kan worden vastgesteld dat Euphytica er toe bijdraagt het tijdschrif- 
tenbezit van de Wageningse bibliotheken te versterken. 

Het ruilverkeer met overdrukken van artikelen uit Euphytica wordt bevorderd 
door 50 gratis exemplaren voor de schrijvers en de gelegenheid te bieden een onbe- 
perkt aantal extra-overdrukken tegen kostprijs te bestellen. Het ruilverkeer met deze 
overdrukken is vrij omvangrijk geworden. Verschillende instellingen voorzien de over- 
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drukken van een speciaal omslag om ze in hun instituutsserie als een afzonderlijk 
nummer op te nemen. 
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ABSTRACT 


In September 1958 the 10th F.A.O. Hybrid Maize Conference was held at Madrid. 
In this article the proceedings are described. From 1958 onwards the maize working 
group will continue its activities under the auspices of Eucarpia, the European 
Association for Research on Plant Breeding. 


INTERNATIONAL CO-ORDINATION OF RESEARCH ON MAIZE 


One of the many activities undertaken by the F.A.O. after World War Il was the 
advancement and co-ordination of research on maize growing in Europe, the Near 
East and North Africa. In these problems of organization it could use the experience 
gained in the U.S.A. where in the course of years fairly close co-operation among the 
state research stations had been achieved. At first sight in Europe, with its old political 
and economic controversies, intensified by the recent war, there were no favourable 
prospects for this work. In spite of this pessimistic outlook however good co-operation 
has been brought about, particularly in the field of maize breeding. 

F.A.O. has brought the nations together by founding an international maize working 
group in which all governmental maize research officers can participate. The activities 
of F.A.O. officials Dr. R. A. Stow and his successor Dr. A. KJAER should be par- 
ticularly mentioned in this respect. This working group assembled regularly — as a 
rule annually — each country in its turn acting as host. 

At these meetings topical problems in maize cultivation have been discussed, 
breeding work taking a prominent place, though it did not constitute the only subject 
of discussion. Seed inspection and certification procedures, cultural methods, the 
application of herbicides, use of maize as green fodder and silage also have been 
closely considered. 

Owing to great differences in climate and soil the problems in Northwest Europe 
are quite different from those in countries round the Mediterranean. It was desirable 
therefore to make a regional sub-division within the working group and the sub- 
groups “North” and “South” were formed, each comprising one of the regions men- 
tioned above. 

It was a good idea of F.A.O. to invite to all these conferences Dr. M. T. JENKINS, 
the co-ordinator of the breeding work carried out by the State research Stations in the 
U.S.A. This able and tactful expert with many years of experience has contributed 
much to inducing a spirit of close co-operation between members. 


137 


F. P. FERWERDA 


When the national breeding programmes aiming at the production of hybrids began 
to come to fruition the scope of work was considerably widened by pooling 
promising inbreds from various countries and initiating a breeding programme on 
an international footing. The test crosses for assessing combining ability have been 
carried out in co-operation and the progeny trials have been laid out in the countries 
participating. This procedure has the advantage that material of widely different 
origin is brought together in crosses which are tried under divergent conditions of 
soil and climate. In this way the chances of using the material to its best advantage are 
considerably enhanced. 

Another example of international co-operation is found in the maintenance of 
local varieties which are indispensable as basic material but which are liable to be 
lost due to the ever increasing use of hybrids. Fortunately this danger has been 
recognized in good time and in most countries where maize is grown the indigenous 
local varieties are maintained. Some countries have even widened the scope of their 
trials and include a number of local varieties from neighbouring countries with a 
similar climate. In this manner a local collection has obtained a more regional charac- 
ter. There are four of such regional collections, viz. in Egypt, Italy, The Netherlands 
and Yugoslavia. The Maize Research Station at Bergamo, Italy, serves as a super- 
vising body and at the same time as a documentation centre. 

In other fields too, for instance in studying cold tolerance or in searching for a 
universal standard to characterize the length of the vegetation period of distinct 
hybrids or varieties, co-operation has started between the research workers of different 
countries. 


THE LOTH F.A.O. HYBRID MAIZE CONFERENCE 


The 10th F.A.O. Hybrid Maize Conference held at Madrid with Dr. ENRIQUE 
SANCHEZ-MONGE as a chairman, in the autumn (22-27 September) of 1958 was of a 
particular importance because, apart from the ordinary subjects, the future status of 
this international working group was discussed. The F.A.O. had suggested some years 
earlier that since the group had become well established, it considered the task of 
F.A.O. as ended and now it expected the group to carry on independently. 

At the 9th Conference in Cairo in 1956 this assumption was considered to be too 
optimistic, the general opinion being that the support of an established international 
organization was indispensable. Such an opportunity presented itself, however, when the 
European Association for Research on Plant Breeding, Eucarpia, after consultation 
with the Board of Directors of F.A.O. was found prepared to adopt the maize working 
group. Its President, Prof. Dr. Ir. J. C. Dorst, formulated at the Madrid assembly 
how the maize working group could be fitted into the organization of Eucarpia. The 
proposals were approved so that the group will be a section of Eucarpia in the future. 

The technical part of the 10th Assembly comprised in the first place a discussion of 
the preliminary results of the past year’s trials and the planning of new programmes 
for the coming year. 

The following speakers talked about topical problems: 

Dr. M. T. JENKINS (U.S.A) lectured on the use of single crosses or double crosses 
modified so that they resemble singles, as planting material. 
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THE IÔTH F.A.O. HYBRID MAIZE CONFERENCE AT MADRID 


4 


Fi. 1. Tre STH F.A.O. HYBRID MAIZE CONFERENCE AT WAGENINGEN IN FEBRUARY 1955. FROM LEFT 
TO RIGHT MR. H. BAGGE (DENMARK), DR. M. T. JENKINS, DR. R. A. SILOW (PLANT PRODUCTION 
EXPERT F.A.O.), IR. W. R. BECKER (PRESIDENT) 


THE 1ÔTH F.A.O. HYBRID MAIZE CONFERENCE AT MADRID 


Dr. U. GRANT (U.S.A) gave an interesting and well-illustrated lecture on the 
expedition sponsored and organized by the Rockefeller Foundation to South and 
Central America to collect maize varieties. The diversity of types encountered there is 
indeed impressive. 

Dr. E. Áberg (Uppsala, Sweden) talked about his investigations carried out in 
collaboration with Dr. ERIK AKERBERG on cold tolerance in maize in the post-germinal 
stage. A close study which revealed that the fluctuations of the microclimate at differ- 
ent places vary widely within a maize crop. Incidentally these investigations also 
demonstrated how difficult it is to choose a criterium for the so-called thermal unit 
accumulations. The Swedish workers found that the different varieties and lines vary 
widely in their ability, not only to withstand low temperatures — to 2°C — but also to 
grow under such conditions. This had been established previously by their English 
colleagues BUNTING, WILLEY and HARPER. 

Ir. W. R. Becker (The Netherlands) gave a close analysis of the influence of variety, 
ripening stage and cultural methods on the production and quality of maize for silage. 
Stands denser than those of maize grown for grain do not provide advantages in 
normal or good seasons. In a poor season however a dense stand may offer some ad- 
vantages. An abundant nitrogen dressing largely pays for itself by an increased pro- 
duction of digestible crude protein. The optimal time of harvesting is when the kernel 
has reached the advanced soft dough stage. 

Dr. F. P. FERWERDA (The Netherlands) presented a paper on recurrent selection 
as a means for obtaining results more rapidly. In crosses of the type “single cross Xx 
population”, sometimes extremely good combinations are found which can be im- 
proved to a higher level by means of one or more cycles or recurrent selection. Ulti- 
mately this procedure leads to hybrids that approach nearer and nearer those of the 
traditional type. 

Dr. U. GRANT (U.S.A) gave an interesting survey of the maize breeding programme 
in India introduced under the sponsorship of the Rockefeller Foundation. It was 
obvious that improved material can be used to full advantage only when firstly the 
cultural methods are brought up to the mark. 


Between the meetings a number of institutes belonging to the Centre of Agricultural 
Research were visited: soils department, cytology, viticulture, horticulture, grain and 
flour research. An excursion was made to the experimental farm near Alcala at some 
20 km south-east of Madrid. 

Following the Congress our unsurpassed Spanish hosts had organized a one-day 
trip to El Escorial and to the Monumento de los Caidos (monument of those fallen in 
the Spanish civil war). This excursion was greatly appreciated by all the participants. 


SAMENVATTING 
De 10e F.A.O. hybride-mais bijeenkomst te Madrid 
22-27 sept. 1958 


De afgelopen herfst (22-27 september 1958) werd in Madrid onder auspiciën van 
F.A.O. de 10e hybride-mais bijeenkomst gehouden. Naast de gebruikelijke technische 
besprekingen over de gemeenschappelijk uitgevoerde en nog te nemen proeven en over 
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actuele vraagstukken en recente ontwikkelingen in verschillende sectoren van het door 
deze groep van onderzoekers bestreken gebied, vormde vooral de toekomstige status 
van deze internationale werkgroep het onderwerp van overleg. Want F.A.O. had, 
reeds enige jaren geleden, te kennen gegeven dat zij, in verband met andere verplich- 
tingen, haar bemoeienis met deze inmiddels wel tot zelfstandigheid opgegroeide werk- 
groep moest beëindigen. Dit besluit werd algemeen betreurd en de meerderheid der 
deelnemers was van mening, dat de steun van een internationale organisatie nog niet 
kon worden gemist. 

Gelukkig werd de Europese Vereniging voor Veredelingsonderzoek ““Eucarpia”’ na 
overleg met het Directorium van F.A.O. bereid gevonden de mais werkgroep te adop- 
teren. Er werd een modus gevonden waardoor toch nog een zekere band met F.A.O. 
blijft bestaan. 

De voorzitter van Eucarpia, Prof. Dr. J. C. Dorsr, gaf op de bijeenkomst te Madrid 
een overzicht van de organisatie van Eucarpia en zette uiteen op welke wijze de mais- 
werkgroep daarin als nieuwe sectie kan worden ingepast. Zijn voorstel werd vrijwel 
zonder discussie door de vergadering unaniem aanvaard. De werkgroep mais denkt 
als sectie van Eucarpia, voor het eerst bijeen te komen in januari of februari 1960, 
waarschijnlijk te Rome. 
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THE VALUE OF COMPARATIVE TESTS OF PROGENIES 
FROM OPEN-POLLINATED FEMALE ASPARAGUS PLANTS 


JAE YS KES 
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Received 6 March 1959 


ABSTRACT 


From seed yield determinations in an isolated seed garden the conclusion has been 
drawn that a male asparagus plant only pollinates those female plants which grow 
very close to it. The so-called open pollination of a female plant in a commercial or 
trial field can therefore only be carried out out by a very limited number of male 
plants. 

Comparison of the yield from selected female plants with the yield of those groups 
of pollinators which belong to these female plants shows that the variations in the 
production of spears are about equally large. From this it was concluded that the 
father plants have as large an effect as the mother plants on the characters of progenies 
of open-pollinated female plants. 

Therefore assessment of the genetical value of open-pollinated mother plants on the 
basis of a progeny test is considered to be unreliable. 


THE PROBLEM INVESTIGATED 


Asparagus officinalis L., which is grown as a vegetable, is a dioecious crop in which 
about as many male as female plants occur. As it is propagated from seed cross polli- 
nation, which is carried out by insects, is needed. As a consequence the plants in one 
and the same field show large differences in yield, etc. 

Insight in the mode of transmission of these differences is of great importance in 
breeding. The genetical value of female asparagus plants is sometimes studied as 
follows. On the basis of certain characteristics, e.g. data on yield and quality, a number 
of female plants are marked in the field. In the autumn seed is harvested from each 
of these plants. In accordance with the rules of field plot technique for asparagus (cf. 
HUYyskKes and SNEEP, 2) progenies are raised from these seed samples and included in 
comparative trials. Those mother plants which yield the best progenies are considered 
to have the best breeding ability for the characters studied (CURRENCE, 1). 

After being propagated vegetatively (2) these plants could be used for seed produc- 
tion or other purposes. 

The application of this method has been based on the assumption that the mother 
plants distributed throughout the field are all pollinated with a pollen mixture of the 
same genetical value, so that differences between the progenies are attributable to 
differences between the mother plants. The aim of the investigations reported here 
has been to find out whether this assumption is correct. 
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MATERIAL AND METHODS 


Our considerations have been based on observations taken in an isolated seed garden 
of the above Institute at Wageningen. This garden was established in the woods of the 
nearby village of Bennekom in 1950. After reclamation the poor sandy soil was pro- 
vided with stable manure. Next a number of selected female plants were set out in the 
garden at a distance of 0.45 x 1.35 m. After every 7th female plant a place was left 
open for the insertion of a staminate plant for pollination. To this end homozygous 
male plants were used to produce an all-male asparagus variety (SNEEP, 4). Pollination 
was done naturally by insects and also by bee colonies, which were placed in the gar- 
den. The dimensions of the garden were 20 x 20 m. The rows ran about east by west, 
and a high wire screen fence protected the plants from damage by game. The greatest 
number of plants, viz. the females, were set out in 1950. The pollen-supplying male 
plants were sometimes replaced by others before the beginning of a new season. 
Mostly they belonged to the same clone. In the course of years the crop developed 
vigorously, partly because it was never harvested. It appeared that pollination was 
only brought about by pollen of the homozygous male plants, as female plants were 
never encountered in the progenies. Hence isolation from other asparagus plants must 
have been very effective. 

The aim has been to detect outstanding cross combinations. In addition the present 
data on pollination have been collected. To this end the berries formed by the female 
plants were harvested from each plant every autumn. The air-dry seeds obtained from 
these berries were weighed. The annual seed yields per plant were recorded on a plan 
of the garden, also indicating the pollinators. In addition to these records the present 
paper also includes spear yield data per plant from a variety trial field (cf. the dis- 
cussion). 


RESULTS 


In 1956 there was practically no setting of seed, but in 1954, 1955, 1957 and 1958 
the seed yield per plant was found to vary considerably at different annual production 
levels. Female plants spaced 1} m or less from a male plant had produced much more 
seed than female plants spaced farther away from a male. As an example the yield is 
given from three rows in 1955, when there was only one male plant present in the gar- 
den (fig. 1). Also when the number of male plants was larger, as in 1954, 1957 and 


Fig. 1. SEED YIELD FROM PART OF AN ISOLATED SEED GARDEN IN 1955. THREE 
ROWS OF FEMALE PLANTS ARE SHOWN. THE MALE PLANT IN THE CENTRE 
ROW WAS THE ONLY POLLINATOR. THE SEED YIELD PER PLANT IS DIRECTLY 
PROPORTIONAL TO THE LENGTH OF THE LINE. A POINT REPRESENTS A 
PLANT WITH LITTLE OR NO SEED; A LINE OF Ì MM CORRESPONDS WITH A 
PLANT WITH 10 GRAMS OF SEED ETC. 
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1958, such an effect could be clearly observed. Outside the circle with the radius of 
15 m seed setting was usually low. However, within this circle low seed-setting plants 
also occurred. It appeared that in other years these plants also produced little seed 
when fertilized by other pollinators, in other words that they lack the character to 
produce much seed. 

The decrease in seed production with increasing distances between the female 
plants and the male ones can hardly be explained otherwise than by a decrease in the 
intensity of the pollination. Thus pollination by a male plant is intensive within a 
circle with a radius of 15 m and having the male plant in the centre. Outside this 
circle pollination by this male plant is very slight. 


DISCUSSION 


Any female plant in a commercial field is surrounded by male and female plants, 
since an asparagus field consists half of male plants and half of females. The distri- 
bution of both sexes throughout the field is not dependent on certain rules. Conse- 
quently pollination is done by a pollen mixture from different male plants. Now it has 
appeared that intensive pollination by a male plant does not extend further than 1} m 
from this plant. Hence a certain female plant can practically only be pollinated by 
those male plants which occur within a circle with a radius of 1} m and of which the 
female plant forms the centre. Within this circle there are, in addition to the female 
plant in the centre, another 12 plants. On an average six of these will be male, so that 
each female plant in the field will be pollinated each time by a group of about six male 
plants. With a heterogeneous crop like asparagus it is not to be expected that a pollen 
mixture from such a small number of plants will always have the same genetical value. 

A statistical approach will confirm this. It has been frequently shown that 
crosses between high yielding plants also yield productive progenies (THOMSON and 
Roga, 5, NAGELS, 3). The combining ability also plays a part (CURRENCE, 1). The 
present writer is of the opinion that it is justified to assume a certain relation between 
the yield and the genetical value, the more so because here we are concerned with the 
variation and not with the absolute values. It is assumed that the variation between the 
groups of male plants is a criterion of the variation in the genetical value of the pollen 
mixtures derived from these groups. This assumption makes it possible to compare 
the genetical value of groups of male plants which grow in close proximity to the 
various female plants and consequently pollinate them. 

To work out this problem further, use has been made of yield figures from a certain 
variety trial field, laid out at the Institute of Horticultural Plant Breeding at Wage- 
ningen. This trial field was about 500 m? and consisted of 625 plants. For three con- 
secutive years the spear yield from each plant was determined every day. On the basis 
of these and other data some eight choice female plants were selected for breeding 
purposes. The mean annual yield of these female plants was 378, 382, 390, 399, 440, 
506, 534 and 651 grams per plant. The groups of male plants which pollinated these 
females (see above) on an average produced 250, 333, 385, 393, 405, 417, 490 and 546 
grams of spears per plant every year. It appeared that the variation in yield in both 
groups is of the same magnitude. It may be expected that also the genetical value of 
the groups of father plants and of the mother plants will vary to about the same extent. 


143 


J.A. HUYSKES 


Hence differences in yield between the progenies may be due both to differences in 
heritable characters of the father groups and to such differences between the mother 
plants. Consequently any differences in yield are not representative, neither for the 
male nor for the female side. 

From these investigations it may be concluded that assessment of the genetical value 
of open-pollinated mother plants on the basis of progeny tests is not reliable. This is 
in agreement with the practice of very experienced asparagus growers which take the 
pollination into consideration when producing seed. Their practice is to select such 
choice female plants as are surrounded by good male plants. 


SAMENVATTING 


De waarde van nakomelingschappenonderzoek van 
vrij bestoven vrouwelijke aspergeplanten 


Uit zaadopbrengstbepalingen in een geïsoleerde zaadtuin is afgeleid, dat een 5 as- 
pergeplant alleen de in de onmiddellijke nabijheid staande ® planten intensief bestuift. 
De zgn. vrije bestuiving van een & plant in een praktijk- of proefveld vindt daardoor 
slechts door een zeer beperkt aantal 5 planten plaats. Uit een vergelijking van de op- _ 
brengsten van geselecteerde © elite planten met die van de bij deze ® planten behorende 
groepen 4 bestuivers bleek, dat de variaties in de productie van asperges ongeveer even 
groot waren. Hieruit werd geconcludeerd, dat de invloed van vaderszijde even groot is 
als de invloed van moederszijde op de eigenschappen van nakomelingschappen van 
vrij bestoven Q planten. Beoordeling van de genetische waarde van vrij bestoven moe- 
derplanten op grond van een nakomelingschappenonderzoek wordt daarom niet be- 
trouwbaar geacht. 
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ABSTRACT 


In breeding tomatoes for resistance to “Corky root” Lycopersicum glandulosum is 
used as a resistant parent. Crosses of tomato with L. glandulosum are difficult to 
effect because of the incompatibility of the partners. To overcome this incompatibility 
the “approach method” was applied beside the conventional crosses. 

Repeated reciprocal grafting of tomato onto L. glandulosum and also L. glandulosum 
on tomato did not increase the number of effected matings. The statement that by 
repeated grafting the characters of the scion change under the influence of the stock 
could not be confirmed. 


INTRODUCTION 


In breeding tomatoes for “Corky root” resistance we use L. glandulosum as a 
resistant parent. Some strains of this wild relative of the tomato are resistant not only 
to “Corky root” (29) but also to Cladosporium fulvum and the nematode Meloidogyne 
incognita (2). The strain selected at our Institute possesses a high degree of resistance 
to all three mentioned diseases. However the crosses of tomato (subgenus Eulyco- 
persicon) with L. glandulosum (subgenus Eriopersicon) are difficult to effect because of 
high incompatibility of the partners. Furthermore, successful matings can be only 
expected using tomato as a female parent and L. glandulosum as a male parent (16, 21, 
25). Our own experiments confirmed both statements. Of about 500 flowers of L. 
glandulosum pollinated with tomato pollen a few set rudimentary fruits; most of the 
flowers dropped 6-14 days after pollination. Tomato flowers pollinated with L. glan- 
dulosum pollen abundantly set normal looking but seedless fruits. 

In 1955 we pollinated about 300 tomato flowers with L. glandulosum pollen but we 
found no viable seeds. Therefore we decided to work not only with conventional 
methods, but also with Russian methods of hybridisation, notwithstanding negative 
results obtained with those methods by many investigators (4, 6, 7, 12 and others). 

The “approach method” (8, 17, 18 and others) is understood to be repeated reci- 
procal grafting of two incompatible partners. One graft generation represents a young 
plant grown from seed, grafted upon the incompatible partner, and then producing 
seed again, which will be sown to give the next graft generation. According to the 
authors each following graft increases the influence of the stock on the scion, brings 
the partners nearer to each other and thus makes them more compatible. 
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According to investigators (1, 3, 13 and others) grafting results in changing the 
characters of the scion by influence of the stock. 

In our trials we did not consider possibilities of provoking mutants, chimeras and 
other deviations of the parent types, which can be brought about by grafting. The 
object of the experiment was to obtain answers to the following questions: 

First, are we able to overcome the incompatibility of the above mentioned partners 
by repeated reciprocal graftings and second, do the characters of the scion change 
under influence of the stock? 


MATERIALS AND METHODS 


We started our experiment with true breeding lines of the tomato variety Money- 
maker (symbol “M”) and L. glandulosum (symbol ““G”) in September 1955, and after 
completing the observations on the fifth graft generation, the experiment was finished 
in October 1958. 

The first and third generation have been grown in a hothouse in the winter, without 
controls; the second, fourth and fifth in a cold glasshouse in spring and summer, with 
controls. 

Plants grown in the winter received additional illumination from Mercury lamps 
(Quick 125) from November Ist till January 15th. The intensity of the illumination 
was 60 w/m?, the duration from 7a.m. till 3 p.m. 

In order to obtain the greatest possible influence of the stock on the scion, we 
strictly applied methods recommended in the literature. Seedlings at the first leaf stage 
have been used as scions, while the stocks were already at the first truss stage. Stocks 
were decapitated below the first truss and scions grafted by the cleft-graft method 
(fig. 1). Scions were successively defoliated; only the growing point and the youngest 
leaflet were left on the scion. In the first, second and third generations the M scions 
were decapitated as soon as the fruit had set (fig. 2 and 4). M scions of the fourth and 
fifth generations were not decapitated after the pollination of the flowers of the first 
truss, they were only defoliated till the fruits were half grown, and then left to grow on. 
In this way in along growing-season of the spring and summer the M/G plants were 
able to develop two further trusses (fig. 3). All flowers of those trusses were pollinated 
with G/M pollen. Thus the chances of successful mating were increased threefold. 

In each graft-generation three seedlings of the tomato were grafted on to L. glan- 
dulosum (symbol M/G) and two seedlings of L. glandulosum on tomato (symbol G/M). 
The latter were used for selfing and as pollinators for M/G, but not as pistillate parents 
for the crosses. By grafting M on G and also G on M we hoped to accelerate the 
“‘approaching” of the partners. 

One flower of each grafted plant was pollinated by hand with its own pollen, to 
secure seeds for the next generation; the remaining flowers of the M/G plants were 
pollinated with the pollen of G/M plants of the same graft-generation to test the 
possibilities of the approach method. The seeds as well as the seedlings for grafting 
and planting were taken at random. 

Throughout the growing season the grafted and ungrafted plants were observed 
very accurately for any deviations from the controls. Special attention was paid to 
the following distinct characters typical of the partners: 
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Fig. 1. LYCOPERSICUM ESCULENTUM SCION SIX 
DAYS AFTER GRAFTING ONTO LYCOPER- 
SICUM GLANDULOSUM STOCK. 


Fig. 2. DEFOLIATED AND DECAPITATED L.ESCULENTUM SCION. 


Ke SZ DENN 


Frio. 3. TWO ADDITIONAL TRUSSES ON LYCOPERSICUM 
ESCULENTUM SCION. 


Fig. 4. DETAIL OF FIG. 2. 
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Character 

Roots — susceptibility to: 
“Corky root” 
Meloidogyne incognita 

Stem — 

Leaves — susceptibility to: 


Cladosporium fulvum 
Flowers — pistil 


Fruit — unripe 
Fruit —ripe 
Seeds — 


Moneymaker 


very susceptible 
very susceptible 
thick, sturdy 


very susceptible 
shorter than 
staminal column 
evenly light green 
red 
5-8 cm O 
greyish, silvery pilose 
300-450 in a gram 


L.glandulosum 


resistant 
resistant 
thin, week 


resistant 

longer than 

staminal column 
greyish-green, striped 
whitish-grey, 

striped, 11.5 cm Q 

brown, naked save the apex 
1,000-1,300 in a gram 


The experimental data are presented in tables 1 and 2. 


TABLE Í. RESULTS OF CROSSES WITHIN SPECIES OF SUCCESSIVE GRAFT-GENERATIONS 


| Crosses Number of | of which: Ap- Bee a 
ë 7 pear- 
Be. palinaed | ruis gie Set |M (of seed) Total | ore lnnal 
ptember’55 | M/G | M/G 3 2 1 0 l | M 47 | 47.0 M, 
kn ’56 GM | G/M 4 3 0 0 3 G 107 SU G* 
nuary ’56 M‚/G |M‚/G 3 3 Ì 0 2 M 191 85.5 M, 
Oer 56 |G‚/M | G/M 3 7) 0 0 2 G 104» IE SRONEG: 
ptember 56 |M‚/G | M‚/G 3 20 1 0 | 1 M 31 | 37,0 Ms 
tn 57 Ga/M | G,/M 3 0 EN dine G 7841 39:06: 
auary ’57 M,/G | M3/G 3 D 0 0 2 M 153 16.5 Ms, 
An 57 | G3/M | Ge/M 3 DD 0 0 2) G 874355 Gs 
bruary’58 _|M‚/G |M‚/G 3 9) 0 0 2 M | 163 | 815 | Ms 
Be ’58 G‚/M | Gi/M 4 2 0 0 2) G 107 9329 Gs 


* Small, badly developed, unmarketable parthenocarpic fruits below 20 gr. 
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TABLE 2. RESULTS OF CROSSES BETWEEN SPECIES, WITH AND WITHOUT REPEATED GRAFTING 
NT NN 


Crosses Number of of which: Nunes os 
Anpean 
Period : 2 Normal ance o 
llinated | fruits : Seed- : seeds In on 
d | lee set _|Nubbins | “ess Sn Total | fruit 
Jan.—Sept. °56 M | G 180 161 5) 146 0 — 0 0 
Jan.—Sept. °57 Mesie € 250 Die 20 196 Hybrid 1 1 
Febr.-Oct.’58 | M | G 196 161 13 147 1 Hydrid 1 l 
| | - - 
Total | 626 539 48 489 D Hybrid 2 4 
September ’55 M/G | EN 14 10 3 7 0 = ) 0 
till Jan. ’56 | | 
| | | 
Jantar ”56 _… (MG/GY Gi/Mi * 16 1 2 9 0 za 0 
till | | 
September ’56 | M, \Gi/M\ 120 103 1 92 0 ve 0 0 
| 
September ’56 | Ma/G | Ga/M | 7 5) 2 3 0 = 0 0 
till Jan. °57 | | 
| 
January ’57 M3/G | G3/M 53 42 5) 37 0 — 0 0 
till 
September °57 Ms | G/M | 250 211 lon 102 Ì Hybrid l 
February’58 _\M‚/G \G‚/M | 54 45 5 | 40 0 2 0 0 
till | | 
September ’58 Ms |G‚/M | 200 156 11 | 144 l Hybrid l l 
|__Total 714 583 58 524 2 Hybrid 2 — 


DISCUSSION AND RESULTS 


Our experiment was based on the assumption that if the plants used are homozygous, 


if they are treated quite similar and if the growth conditions are alike, we need not 
work with many individuals, because similar stocks will influence similar scions in a 
similar manner. 

Before discussing the results of our experiment it should be noted, that after our 
unsuccessful trials to effect the cross between L. esculentum and L. glandulosum, we 
started to pollinate the flowers twice: directly after emasculation and four days later. 
This method produced better results. We got viable hybrid plants not only from 
embryo culture, but also from fully developed seeds found in the ripe fruits. The 
average was one viable hybrid seed per + 200 pollinations, while there was never 
more than one viable hybrid seed in a fruit. If there were more „they were found to 
be due to accidental cross-pollination. 

Assuming that the “Approach method” works, and that approaching progresses 
with each graft-generation, we must expect an increase in successful matings in each 
following generation. 

In table 1 are presented the results of the crosses within the species of the successive 
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graft generations. It will be seen that the numbers of seed of L. glandulosum per one 
fruit vary from 35 to 53 (average 44), those of L. esculentum from 37 to 85 (average 
70). They do not show any tendency to increase or decrease in the successive graft 
generations. 

Table 2 gives the results of the crosses between the species. In the upper part of the 
table the results of the crosses without any grafting are found, amounting to 2 seeds 
in 626 pollinated flowers (539 fruits set). In the lower part of the table one finds the 
results of the crosses of the successive graft generations. The total result of the 
different generations is now 2 seeds in 714 pollinated flowers (583 fruits set). The fre- 
quency of seed setting in both cases is of the same order. There is no evidence of an 
increase in successful matings in the successive generations. It seems that nothing has 
changed by application of the “‘approach method”. The conventional crosses of the 
two highly incompatible partners proved to be as effective as the crosses of the same 
partners after having been “prepared”. 

Our observations on experimental plants for possible deviations from the parent 
types, as a result of the repeated graftings, gave negative results. Except for retarding 
of the growth of the grafted plants caused by defoliation, we did not observe any 
changes neither in habit nor in other characters of the plants. Therefore, considering 
the results of our experiments, we can not confirm the opinion that repeated grafting 
as a rule will change the characters of the scion by influence of the stock. 


SAMENVATTING 


Pogingen om de incompatibiliteit in kruisingen tussen L. esculentum en L. grandulosum 
met behulp van herhaald enten te overwinnen 


Bij het kweken van tomaten op resistentie tegen ““kurkwortel”” wordt L. glandulosum 
gebruikt als een resistente geniteur. Kruisingen van L. glandulosum met de tomaat zijn 
zeer moeilijk te realiseren als gevolg van de incompatibiliteit van de partners. Om deze 
incompatibiliteit te overwinnen werd naast de gebruikelijke kruisingsmethode ook 
de „methode van toenadering” toegepast. 

Herhaald reciprook enten van de tomaat op L. glandulosum en omgekeerd had niet 
tot gevolg dat het aantal gelukte combinaties toenam. 

De vermelding in de literatuur, dat door herhaald enten de eigenschappen van de 
ent veranderen onder invloed van de onderstam, kon niet worden bevestigd. 
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ABSTRACT 


1. The differences in productivity between three strains of the spring cabbage Eer- 
steling could be explained partly from a longer growing period and partly from a 
more rapid growth rate. 

2. In commercial trials with spring cabbage only one spacing is needed to obtain a 
sufficiently reliable comparison of the various characters. 

3. Commercial trials with spring cabbage arranged in a latin square with one plant 
per plot will usually give sufficient practical information on the measurable charac- 
ters. 


INTRODUCTION 


The trials with spring cabbage reported here have been made in an attempt to solve 
two problems in the design of variety trials with this crop. 

The first problem presented itself when in comparative trials with strains of the 
variety Eersteling these strains were grown at the same spacing, while there were 
fairly large differences in size between the various strains. It was considered that 
strains planted at different spacings would probably not all behave in a similar way. 
Therefore the effect of 4 planting distances on 3 strains of different size was ascer- 
tained. 

The second problem concerned the question whether it is possible to plant some 
variety trials on a smaller field by arranging them in latin squares with one plant per 
plot, instead of in a normal replicated block trial, as this will often reduce variations 
in the soil conditions within the trial. 

The author is indebted to the mathematical section of the Institute for advice and 
computations. 


THE EFFECT OF DIFFERENT SPACINGS 


Trial design 

The distances chosen were 40 x 40, 50 x 50, 55 x 55 and 65 x 65 cm. The three 
strains of Eersteling were numbers 16 (with little spread), 11 (with medium spread) and 
12 (with large spread) (fig. 1). The numbers of the strains correspond with those 
by which these strains were indicated in the commercial trials with spring cabbage 
in 1956 and 1957. By “spread” is meant the breadth of the plant measured across 
the head. 

The trial was replicated twice using 48 to 52 plants per plot. Sowing was done in a 
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Fig. 1. THREE STRAINS OF THE SPRING CABBAGE EERSTELING WITH DIFFERENT SPREAD. 


seedbed on 20 September 1956; the plants were overwintered under glass and planted 
in the open on March 22, 1957. 

The gross and net weights of the heads were determined at the moment they were 
ripe for harvesting. The gross weight is taken to be the weight of the whole plant, i.e. 
the head and outer leaves together; the net weight is the weight of the head without 
the outer leaves. 


Results 


The net weight converted to 1,000 kg per ha in entered in table 1. Between brackets 
are the relative yield figures, counting the yield from strain 12 as 100. 


TABLE 1. NET YIELD IN 1,000 KG PER HA 


Spacings (cm) 
Strain number Re E 5 ia 
40 x 40 | 50 x 50 IE) | 65 Xx 65 
| | | 
16 40.4 (67) | 26.6 (59) 19.8 (52) | 16.9 (58) 
11 AS (12) |_34.0 (75) 30.1 (80) ne EER) 
0) ‚ 60.0. (100) |” 45,2 (100) PT 347 LOONT LIEZEN 


It will be seen that for all strains the yield increases with closer spacings. At all four 
spacings the largest strain (number 12) is the most productive, while the relation 
between the yields of strains 12 and 11 remains of the same order (strain 11 produces 
72-80 % of the yield of strain 12). At the three widest spacings the relation between 
the yields of strains 12 and 16 is also practically the same (yield of strain 16 is 52-59 % 
of that from strain 12). However, the 40 x 40 cm spacing places strain 16 in a relatively 
more advantageous position, since it now produces 67 % of the yield of strain 12. 
Consequently at closer spacings the strains with little spread are relatively more 
productive. 

The greater productivity of a strain is accompanied by a longer growing period. 
Thus the date on which 50 % of the crop was harvested fell about 13 days later for 
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strain 12 than for strain 16, and 64 days later for strain 11 than for strain 16. The 
duration of the growing period in the field varied from 69 to 85 days. 

However, the differences in productivity cannot be explained only from the growing 
period. There is also a difference in the average daily increase in weight. The average 
net increase in weight per day is expressed in kg per ha (table 2). Between brackets is 
given the relative increase in weight of the strains as compared with the increase in 
weight mentioned for the widest spacing. 


TABLE 2. AVERAGE NET INCREASE IN WEIGHT PER DAY IN KG PER HA 


Spacings 
Strain 
40 x 40 | 50 x 50 55 X 55 65 X 65 
16 553 (229) 380 (158) 287 (119) 241 (100) 
u 536 (188) 436 (153) 401 (141) 285 (100) 
12 106 (203 | 538 (155) 461 (132) 348 (100) 


At the three widest spacings the higher productivity (table 1) is accompanied by a 
larger increase in the net weight per day. Only at 40 x 40 cm the daily increase of 
strain 11 is somewhat smaller than that of strain 16. That strain 11 at this close spacing 
nevertheless yielded about equally high as strain 16 is, therefore, only attributable 
to the longer growing period. 

We have calculated that about 11 % of the greater productivity of strain 12 com- 
pared with that of strain 16 is due to the longer growing period — the period between 
planting and harvesting —; for strain 11 about 5 %. Hence the differences in produc- 
tivity are largely associated with the growth rate. 

From the relative increase in weight it appears that as the spread of à strain be- 
comes less the check in growth sustained by each individual plant at closer spacings 
also becomes less. However, the difference between strains 11 and 12 at the two closest 
spacings is only slight. This may be partly due to the fact that the difference in spread 
between these two strains is not very large either. 

The effect of spacing on the individual plant also appears from table 3, showing the 
gross and net weight per plant, the spread and the 50 % harvesting date. The 50 % 
harvesting date is the date on which 50 % of the total crop is harvested. 


TABLE 3. THE AVERAGE GROSS AND NET WEIGHT OF THE PLANT, THE SPREAD AND THE EARLINESS 


Gross weight Net weight ‚_ Spread in 50% harvesting 
Spacing per plant in kg per plant in kg cm date days in June 

lk Lee Er of Kei ID Se klif 
40 x 40 | 0.86 0.95 1.26 0.65 0.70 0.96 39 40 41 SRA rt 5 
50 x 50 OO 20 ED Ol ROES S SN RAS LOS 1 8 14 
DORIS 0.86 1.39 1.60 0.62 0.94 1.18 41 48 52 ll he 
65 X 65 0.99 1.24 1.70 0.72 0.91 1.24 | 45 47 48 0 Si 
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Net weight in kg 


d 
in with largs spie 


stra! 


Spacing ‘tn cm 


Fi. 2. NET YIELD PER PLANT OF THREE STRAINS OF EERSTELING FROM 4 SPACINGS 


At closer spacings the growth of the plant is clearly checked (fig. 2). This is reflected 
in a smaller head, and slower growth — the head matures later. 


Discussion 


In variety trials it is necessary to choose such spacings as mask the principal charac- 
ters of a strain as little as possible. We have seen that the relation between strains 11 
and 12 regarding the net weight of the head was about the same at all four spacings. 
At the three widest spacings the relation between strains 16 and 12 was also about the 
same; at 40 x 40 em this relation changed somewhat in favour of strain 16. So at 
different spacings the productivity relation between the various strains is not always 
alike, although it does not change to such an extent that it becomes necessary to 
test the varieties at more than one spacing. Using a spacing of at least 50 x 50 cm it 
seems likely that a reliable comparison of the strains with a medium to fairly large 
spread can be obtained. Relatively, the strains with little spread are then judged some- 
what too unfavourable, since at closer spacings their growth is retarded less than that 
of strains with a large spread, so that they become more productive. 


LATIN SQUARE 


In 1957 the results from a block trial of 21 strains in two replications with 33 plants 
per plot, were compared with those from a latin square with the same 21 strains, but 
using only one plant per plot. In these experiments the latin square gave a saving in 
space of 68 %. In both trials a 55 x 55 cm spacing was used. The results are shown in 
table 4. 
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TABLE 4. STANDARD DEVIATIONS, COEFFICIENTS OF VARIATION AND LEVELS OF SIGNIFICANCE 


Net weight per plant | Gross weight per plant 


(@) (8) Net/gross x 100 


Trialintwo | Latin | Trialintwo | Latin | Trialintwo | Latin 
replications | square | replications | square | replications | square 
| 
| | 
Characteristics. . . . . 964 O2 1,372 1,416 70.5 66.7 
Standard deviation p. plot 61 | 89 | 2.3 | 
per plant 350 243 514 281 13.3 | Je 
Coefficient of variation | | | | 
per plot | 6.3 | 6.5 | | Si | 
per plant 36.3 4 3175 20 | 18.8 | ek 
| | 
Levels of significance .. | 13-22 15-25 | 18-33 24-39 4.8-8.8 4.781 


The averages do not differ much. In the trial in two replications the standard 
deviations of the plots are considerably smaller than in the latin square, as would be 
expected. In the former trial the standard deviation per plot equals 1/33 times the 
standard deviation per plant, while in the latin square it equals the standard deviation 
per plant. It is of importance that the standard deviation per plant is smaller in the 
latin square and consequently also the coefficient of variation per plant, for the latter 
is equal to the quotient of the standard deviation and the average times 100. This may 
be partly due to the smaller growing area occupied by a latin square arranged in this 
manner. Any fluctuations in the soil conditions are then smaller. 

The latin square has a smaller coefficient of variation than a block trial in two 
replications. Hence the latin square makes it possible to demonstrate a difference 
with a smaller number of plants than that required for the block trial. In our case the 
confidence limits at the 5 per cent level are about the same for the latin square with 
21 plants per strain as for the trial in two replications with 66 plants per strain. 


Discussion 


In judging commercial trials with spring cabbage one is concerned with measurable 
characters. It seems justified to arrange such trials, at least the simple yield trials, in 
latin squares using one plant per plot. For eye judgement it will also be necessary to 
plant a normal block with 30 to 50 plants per plot. 

The latin square has the disadvantage that its lay-out, especially in the beginning 
when one has not yet much experience with it, will take a little more time. Moreover 
its application will only be possible if the number of varieties to be tested is not too 
small, while the adventage of the saving in growing area becomes smaller as the num- 
ber of varieties to be tested increases. 


SAMENVATTING 


Proeftechnische aspecten bij rassenproeven met spitskool 


L. Het verschil in productiviteit tussen drie selecties van het spitskoolras Eersteling 
is deels het gevolg van een langere groeiperiode en deels van een snellere groei. 
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2. Bij praktijkproeven met spitskool is bij één plantafstand een voldoend betrouwbare 
vergelijking van de verschillende eigenschappen mogelijk. 

3. Praktijkproeven met spitskool opgezet als latijns vierkant met één plant per veldje 
zullen voor praktijkdoeleinden meestal wel voldoende gegevens verschaffen over 
de meetbare eigenschappen van de selecties. 
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ABSTRACT 


Crosses between Manihot melanobasis and cassava were very fertile and the fertility 
was maintained in the hybrids. The first and subsequent generations of these crosses 
were very high yielding. Undesirable features of the early hybrids included a straggling 
habit and thin stems which yielded poor planting material, a high hydrocyanic acid con- 
tent in the roots, and low virus resistance: all these were rectified by further breeding. 
Although M. melanobasis has a high protein content in its roots it is uncertain whether 
this character can be transmitted to its progeny. 

It is concluded that M. melanobasis is a very valuable source of new genes for cassava 
improvement. 


INTRODUCTION 


Considerable attention has been paid to interspecific crossing for breeding improved 
„cassava varieties, but in nearly every case the parental species have been the tree-like 
forms which were once used as sources of rubber. In Java, KocH (7) reported crossing 
with Manihot glaziovii (Ceara Rubber) and M. dichotoma (Jaquie Manicoba Rubber); 
and in East Africa, NICHOLS (10) and JENNINGS (4) described the use of these species, 
together with the tree-like species M. catingae, and two herbaceous species, M. saxi- 
cola and M. melanobasis. M. glaziovii also figures prominently in the cassava breeding 
reported from India (Kosny, 8; ABRAHAM, |) and Madagascar (Cours, 3). The only 
other report of interspecific crosses involving an herbaceous species of Manihot is that 
of BoLHuIs (2), who used M. saxicola to improve the protein content of cassava roots. 
In spite of the fact that PAx (quoted by KocH) mentions no less than 128 species which 
have been found growing wild once or several times by expeditions into the interior 
of South America, very few other species of Manihot appear to be known to breeders. 
The two herbaceous species that have been used for breeding, M. saxicola and M. 
melanobasis, are described by LANJOUw (9). M. melanobasis was first found growing 
on the Savannah in British Guiana and later on the Savannah near the upper Sipaliwini 
River in Surinam. The East African material originated in Surinam. Some account 
of this work has been given by NicHors (10) and JENNINGS (4) but in view of the in- 
terest aroused by this species some further results are given here. The experiments 
were carried out at Amani and its sub-stations on the East Coast of Tanganyika. 


* Now at the Scottish Horticultural Research Institute, Dundee, Gt. Britain. 
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RESULTS OF BREEDING EXPERIMENTS 


1. The fertility of M. melanobasis and its hybrids in crosses with cassava 


Manihot species have trilocular ovaries and each loculus may contain a single 
seed. Every flower pollinated is therefore potentially able to produce three seeds. The 
fertility of M. melanobasis and its hybrids in crosses with cassava is given in table 1. 


TABLE |. THE MEAN NUMBER OF SEEDS SET PER FLOWER POLLINATED IN CROSSES 
OF M. MELANOBASIS AND ITS HYBRIDS WITH CASSAVA 


Mean No. of seeds set per pollination. 
Cross M. melanobasis or hybrid used as 
Male parent Female parent 
M. melanobasis X cassava. . 0.78 (253)* 0.60 (125) 
F, X cassava (st backcross). 0.44 (157) 1.09 (683) 
Br eMSclazovinB sn 0.42 (19) 1.10 (48) 
B‚** x M.glazioviiB; ... 0.70 (707) 1.48 (610) 


* Bracketed figure is the number of flowers pollinated. 
“* B, and B, are the first and third backcrosses to cassava. 


From data reported by both KocH and NricnHors for interspecific crosses involving 
other Manihot species and cassava, it appears that the seed set per flower pollinated 
was extremely low. In the African work the seed set improved in subsequent gener- 
ations of such hybrids, but the mean set seldom reached 1.0 and was usually about 
0.5 (NicHors & JENNINGS, unpublished). Similarly, the mean seed set for intervarietal 
cassava crosses was usually well below 1.0, although it varied considerably for different 
varieties. The fertility of M. melanobasis and its hybrids is therefore relatively very 
high. The proportion of seeds that germinated and produced seedlings viable to the 
stage when they were transplanted to the nursery was also high for M. melanobasis 
crosses. 


2. The habit and vielding ability of M. melanobasis hybrids 


The first generation hybrids between M. melanobasis and cassava were low-growing 
straggling shrubs like M. melanobasis itself. They had narrow leaves and differed 
from cassava in having a very short dormant period: whereas cassava normally sheds 
its leaves and enters a dormant period after seven or eight months of growth, the 
M. melanobasis hybrids retained their leaves and maintained active growth for a much 
longer period. The yields recorded were surprisingly high: table 2 gives the results 
obtained from an elimination trial in which two plant plots of each hybrid were re- 
corded 10 months after planting. 


Yielding ability was maintained in the first backcross to cassava, and hybrid No. 
50611/18, one of the most promising of this generation, was compared in a yield trial 
with Nos. 46106/27 and 4763/16, the two most promising third backcross M. glaziovii 
hybrids selected, with Aipin Valenca, the highest yielding true cassava available, and 
with Mbarika, a local native cassava. The trial was planted at the Kizugu Sub-station 
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TABLE 2. A COMPARISON OF THE YIELDS OF M. MELANOBASIS PROGENIES WITH THE PROGENIES OF 2ND 
BACKCROSS M. GLAZIOVII HYBRIDS, AND INTERVARIETAL CASSAVA PROGENIES 


The proportion of hybrids yielding 2 kgs. of edible root 
Parent per plant in crosses with three cassava parents 
4029/17 | Msitu Aipin Valenca 
EV/BanelanoDasis a aen dl 36.4 % (44)* 87.8% (74) 860% (7) 
2nd backcross 
M. glaziovii hybrids. ..... 44,6% (74) 67.4% (129) 88.6% (44) 
IRGUCECASSavasT tr an zee te 8.6% (35) BS RS) 58.3 % (36) 


* The figure in brackets is the number of hybrids tested. 


of Amani; this site is a particularly favourable one for cassava with a rainfall of 50” p.a. 
and a high water table. The results are given in table 3. 


TABLE 3. YIELDS OF FIVE CASSAVA VARIETIES AND HYBRIDS AT THREE HARVEST DATES 


*Yields per plot (kgs.) 
Variety = er —_— - 

10 months 15 months 20 months Mean 
NIDEK As Tt At 7.58 | 7.50 17.41 10.83 
ASBVAlEnCa el tete 16.16 18.41 23.67 19.41 
DOORS. rn 27.00 | 36.87 62.00 41.94 
AONOG 2 Tees zer art orn 9.00 15.30 | 40.28 21.56 
AOS Oren oo men 15.92 19858 44.33 26.30 

MIE EEN: 15213 19.08 37.80 


Sig. differences: Varieties — 10.7, Times 8.2, Treatments — 18.75 (P — 0.05) 
* | kg per plot is equivalent to 0.43 tons per acre at the spacing used. 


An undesirable feature of M. melanobasis hybrids is their very straggling habit and 
thin stems which tend to produce very variable planting material. Since yield is in- 
fluenced to a considerable extent by the amount of early growth which takes place 
before the oncome of the dry season, the quality of the planting material is important. 
Thus in a trial of 15 month’s duration at Kizugu it was found that the yield per plant 
for the variety 50611/18 ranged from 1.0 to 14.0 kgs. To obtain a comparison, the 
mean yields per plant and the standard errors were separately calculated for the 
varieties 50611/18, 46106/27 and Mbarika. The values obtained were 7.4 + 4.0, 
1.6+1.7, and 4.9 + 1.9 for the three varieties respectively, showing that the standard 
error of the M. melanobasis hybrid was more than twice that of the others. 

In order to correct this fault, and also to improve resistance to virus disease, the 
first backcross M. melanobasis hybrids were crossed with 3rd backcross hybrids from 
M. glaziovii. The hybrids from these crosses were exceptionally high yielding, and the 
habit of growth was much improved, but in only a few cases was a satisfactory level 
of virus resistance obtained. A comparison of the yields of these families with those 
of intercrosses between third backcross M. glaziovii hybrids is given in table 4. In this 
case the yields of the two-plant elimination plots were scored after 10 months of 
growth instead of weighed. 
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TABLE 4. THE DISTRIBUTION OF HYBRIDS INTO EACH YIELD CLASS IN AN ELIMINATION TRIAL 


9, Yields rated as 
Type of hybrid _No. tested 
Nil* Poor Good V. good 
Ist backcross M. melanobasis hybrids 
x 3rd backcross M. glaziovii hybrids 119 0 SPL 52.8 14.5 
3rd backcross M. glaziovii hybrids in- | 
(eTCIOSSCHRE RE RE 305 4.3 JS) 34.7 9.7 


* Fibrous roots only. 


3. The quality of roots in M. melanobasis hybrids 


The roots of M.melanobasis are usually fibrous but large tuberous roots were obtai- 
ned from plants which had been growing for many years. The tuberous roots of the first 
generation hybrids with cassava were often three feet long or more, thin, and spreading 
in a horizontal plane; the fibre content was low and the quality fair. Only one gener- 
ation of backcrossing was required to restore fully the cassava type of root. The hydro- 
cyanic acid content of the root was very high but this is considered an advantage in 
areas where wild pigs or baboon occur: the bitter taste serves to deter the animals, 
and the toxicity of the roots is lost when they are cooked. Hybrids with palatable 
sweet roots occurred in the first backcross generation. 

A high protein content was found in the roots of M. melanobasis. The results of 
analyses of roots from M. melanobasis and some of its hybrids is given in table 5. For 
the analysis small discs were taken from the root with a cork borer, one sample being 
taken from just below the skin, and another from the inner tissues. For both samples, 
discs from the proximal, middle and distal ends of the root were bulked. The samples 
were taken from one-year old plants, with the exception of the M. melanobasis spe- 
cimen, which was a mature plant of about ten years. The percent crude protein was 
taken on oven-dry weights. 


TABLE 5. THE PROTEIN CONTENT OF M. MELANOBASIS HYBRIDS AND THEIR PARENTS 


| % Crude protein (dry weight) 
Variety Origin > 
Outer tissues Inner tissues 
M. melanobasis. . … . . | | 15.00 | 2.94 
MSICU True cassava | 2.06 | 1.31 
4026/20 RE True cassava | JS 2.19 
463303 Tren en Pee EM Smells AMsitu | â.24 2.68 
A632OA ener ar enk 5 | 4,37 DAD 
403302 rn tekent NE 5 | 4,87 2.50 
4633046 nne & 3.68 1.87 
JOOLS ne 46330/22 x 4026/20 4.87 2.62 


SOON ETE A en ende À 4.37 1.75 


In each case the protein content was higher in the outer tissues of the root. The 
protein content of the F, hybrids was greater than that of the cassava parent, but even 
so the level is so low that it is doubtful if they have an increased nutritional value. It 


160 


CASSAVA BREEDING 


seems that the high protein content of M. melanobasis either has a low heritability or 
else it is a recessive character which might appear if the hybrids were inbred. BoLHUIs 
(2) reported that the protein content in the roots of seedlings was higher than that in 
clones propagated from them; and it may be significant that the plants sampled at 
Amani were from clones propagated from the original seedlings, and not the seedlings 
themselves. 


4. The virus resistance of M. melanobasis hybrids 


M. melanobasis is highly resistant to brown streak virus and susceptible to mosaic 
virus. The behaviour of its hybrids when infected with either virus is anomalous in 
that they show a reduced capacity to recover in their second season’s growth. It is 
thought that this behaviour is related to their capacity to maintain growth at times 
when other varieties usually become dormant. The virus resistance of these hybrids 
is discussed in detail elsewhere (5 and 6). 


DISCUSSION AND CONCLUSIONS 


In cassava, the almost complete replacement of seed propagation by vegetative 
means has led to a reduction in fertility. Thus the seed set of the interspecific cross 
between M.melanobasis and cassava was greater than that of intervarietal cassava 
crosses, and the improved fertility was maintained in the hybrids. In view of the 
readiness with which the two species intercross, however, it is doubtful whether their 
separation as distinct species is justified. BoLHuIs reached the same conclusion for 
M. saxicola and cassava, which also intercross very easily. LANJOUw (9) noted that 
M. melanobasis has much in common with M. saxicola; he suggested that the latter 
species may be an ancestor of cassava which is only known as a cultivated plant. It 
appears from the data presented here that M. melanobasis could also be a closely 
related ancestor of cultivated cassava. 

The work described shows that M. melanobasis is a valuable source of new genes 
for increasing the yield of cassava, but it also transmits several undesirable characters, 
such as a straggling habit of growth which yields poor planting material. The high 
hydrocyanic acid content of the roots is also a disadvantage where pig resistance is 
not required, and similarly the continuation of growth into the dormant period is 
thought to be a disadvantage where resistance to virus is important. All these faults 
were removed by further breeding without loss of the yielding capacity shown by the 
early hybrids. Crosses between first backcross M. melanobasis X cassava hybrids and 
third backcross M. glaziovii hybrids were particularly promising. 
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Manihot melanobasis Mürr. ARG. — Een goede geniteur bij de 
veredeling van de cassave 


Hybriden tussen Manihot melanobasis en cassave zijn zeer vruchtbaar, terwijl dit 
ook bij de nakomelingen het geval is. De eerste en volgende generaties van deze soorts- 


kru 


isingen hebben een zeer hoog opbrengstvermogen. De jonge hybriden hadden nog 


ongewenste eigenschappen: ze vertoonden een onregelmatige groei en hadden dunne 
stengels waardoor slecht voortkwekingsmateriaal werd verkregen; de wortels hadden 


een 


hoog blauwzuurgehalte en de virus-resistentie was gering. Al deze ongunstige 


eigenschappen werden door verdere veredeling weggewerkt. 

Ofschoon het eiwitgehalte in de knollen van M. melanobasis hoog is weet men nog 
niet of deze eigenschap op de nakomelingschap kan worden overgedragen. 

Schrijver is van mening dat M. melanobasis een zeer waardevolle bron is van nieuwe 
genen voor de cassave-veredeling. 
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ABSTRACT 


Ll. A survey is given of research on pointed-headed cabbage carried out at the [.V.T. 
from 1947 to 1957. The aim has been to ascertain whether the production of hybrid 
seed will make it possible to increase the uniformity and cultural value. Three strains 
of pointed-headed cabbage were used. 

(2) It was found that the F‚’s from pair crosses between plants of the same strain 
were usually very uniform. By comparison it was possible to find out which parents 
gave on an average the earliest progenies. Crossing these early parents sometimes 
resulted in increased earliness. 

3. By maintaining the two best parents vegetatively it is easy to maintain a certain 
selection level. 

4. No decline in quality and yield occurred when an F, from a pair cross of two 
closely related parents was propagated for two generations without previous selection. 

5. Indications were obtained that some hybrid vigour occurs in the F‚-generation. 


INTRODUCTION 


e 

In the Netherlands from 100 to 150 ha is annually cropped to pointed-headed 
cabbage. Sowing is done under glass in September; the young plants are pricked off 
into pots in the autumn, and planted outside early in spring. 

Harvest begins in May, and the bulk of the crop is marketed in June, so it is the 
earliest white cabbage. In the Netherlands only strains of the variety Eersteling are 
now used for early production of pointed-headed cabbage; a few years ago also strains 
of the variety Sappemeerse were used. The productivity of these varieties is lower than 
that of the round-headed white varieties and amounts to about 20,000 kg per ha. As 
the round-headed varieties are later, however, early pointed-headed cabbage is still 
being grown, though on a limited scale. 

From preliminary variety trials carried out in 1946-1947 it appeared that some 
strains of the above varieties were far below average in regard to earliness and uni- 
formity. Therefore a start was made with the testing of some selection methods. The 
present article gives a survey of this work. 

The investigations were initiated by Dr. J. SNEEP, taken over by Dr. J. R. JENSMA in 
1953, and finished by the present author in the years 1955-1957, 


MATERIAL AND METHODS 
Three strains were used, two of which belonged to the variety Eersteling (fig. 2). 
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One of them, called Vroegste van Allen (Earliest of All), was medium early. Its pro- 
ductivity was too low in relation to its time of ripening. Its uniformity was only 
moderate. The uniformity of the other strain, called Eerste van de Markt (First of the 
Market), was slightly better. This strain also had a small head, but it was earlier. The 
third strain belonged to the variety Sappemeerse (fig. 3) and was somewhat later than 
Eerste van de Markt. It was fairly uniform. According to the breeder this strain is a 
hybrid derived from two parent plants that were maintained and propagated asexually. 

The crosses made in 1948 were done by hand. As in this manner the amount of seed 
obtained from each cross is often insufficient, use was made in subsequent years of 
pollination cages to which small bee colonies or diseased bumble-bee queens were 
added to do the pollination (fig. 1). In this manner seed setting was usually good. 
A paper on this pollination method has already appeared (1). 
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Fi. 1. POLLINATION CAGE 


In some cases plants were also open-pollinated in the field, taking care to leave at 
least 500 m between them and other flowering cabbage plants; in many instances it 
was more than 1,000 m. 

The resulting populations were tested on river clay at Elst in a normal spring pro- 
duction. The majority of the trials were not replicated, so that in many cases it was 
not possible to test differences found statistically. They were mostly judged by eye. 
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Fro. 3. A PLANT OF THE VARIETY SAPPEMEERSE 
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BREEDING OF POINTED-HEADED CABBAGE 


Special attention was paid to uniformity and earliness. Uniformity is a measure of 
the suitability of a certain method, while earliness is of much importance to the gro- 
wer. Moreover attention was sometimes given to productivity and rate of cracking. 
Notably the early strains are very subject to cracking. Hence they must be harvested 
as soon as possible, which may be a drawback if prices are low. 


SELECTION IN VROEGSTE VAN ALLEN 

Pair crosses 

In 1947, 20 early plants of about the same type were selected. They were indicated 
by the letters AU (the letter I is not used). With these, 43 crosses were made in 1948, 
which were compared in 1949. 

As in 1948 the crosses were made by hand, the amount of available seed of various 
strains was only small and consequently the assessments in 1949 were not very reliable. 
The impression was obtained that the parent plants B and E produced on an average 
the earliest F‚’s. The uniformity of the F‚’s was generally good. A number of crosses, 
including the cross B x E,‚ were repeated in 1949. This was possible because the parent 
plants had been maintained vegetatively by means of shoot cuttings. By judging the 
progenies of the selected plants it is possible to find out which parent plants are genetic- 
ally the best. This is a form of parent selection. By maintaining the two best parent 
plants vegetatively, in the present case B and E,‚ crosses between them can always be 
made. In this manner a hybrid variety is obtained. 


Propagation of the F\s 

This method has the disadvantage that a great many cuttings of plants B and E 
have to be maintained for commercial seed production. Therefore it was investigated 
whether the F‚ seed could be propagated without loosing its qualities. To this end a 
number of F‚’s were sown in July 1949 for seed production. In 1950 the resulting plants 
flowered without forming a head. Each cross flowered separately. With some of these 
F‚’s double crosses were also made and part of the seed derived from these crosses 
was sown in July 1950. In 1951 their progenies flowered separately. So in this pro- 
pagation no selection work was done. 

A comparison, in 1951 and 1952, of the F‚’s, Fs's and F3’s did not show great differ- 
ences. Most strains were much uniformer and also a little earlier than the original 
strain. Consequently an F, of a single cross between two closely related parents may 
in some cases be propagated for one or two generations without selection. 

In 1952 the strains were rated on earliness and classed as “fairly early” and “medium 
early”. Of the 9 strains that were “fairly early” 6 had both B and E as the original 
parent plant. Of the 18 “medium early” strains none had B or E as a parent. So the 
increased earliness of these parents was also retained when the crosses were propagated. 
The double crosses largely resembled the F‚’s that had been propagated separately. 


SELECTION IN EERSTE VAN DE MARKT 


Pair crosses 
A number of plants were selected in 1948 and paired in 1949. They were judged in 
1950 and it was found that there were hardly any differences between the F‚’s, in con- 
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trast with the F‚’s of Vroegste van Allen. The cause probably had to be sought in the 
fact that most plants of Eerste van de Markt were early. From this strain early plants 
were selected, i.e. those of the current type. The chance of these being genetically 
closely related was much larger than for the plants of Vroegste van Allen. This strain 
was less uniform and later, and the plants selected from it deviated from the normal 
type in that they were earlier. 

The uniformity of the F‚’s was generally good. This is also evidenced by the fact 
that in 1950 there were only 2-3 days between the date on which 25 % of the heads were 
ripe for harvesting and the date on which this percentage was 75 %. 


The propagation of the F\s 

In 1950 and 1951 the F‚’s were propagated twice, without selection. The F‚’s and 
their progenies always flowered separately. In 1951 and 1953 the F‚’s and F‚'s were 
also propagated after previous selection in 1950 and 1952, respectively. In 1951 the 
F‚’s were compared with the F‚’s propagated without selection. The average results of 
three plots of 4 erosses each are shown in table 1. 


TABLE Í. YIELD, EARLINESS AND RATE OF CRACKING IN F, AND F2 OF EERSTE VAN DE MARKT 


‚Net weight per head | 50 % harvesting date Nutmber'of days from 20 Jo HATVESCDE 
Cross b | : date to date on which 50% of 
in kg (days in June) 

| the heads were cracked 

F, B, | Ei F, | EF, F, 

1 AE 107 Pe KIES 13.8 3.4 4.0 

2 0.97 OOG arkel 256 12 Samen) 3.0 3.0 

3 | 1.14 0.99 TAS We | 3.0 3.7 
4 elEO6 0.93 12.0 14.0 4.0 6.5 


In three of the four crosses the Fy’s yielded a little less than the F‚’s, while they were 
also somewhat later and cracked less rapidly. The differences, however, were small. 

From the trials made in 1951 and subsequent years significant differences between 
propagation with and without previous selection were not shown. 

In 1953 seed of some F‚’s from Eerste van de Markt was distributed to private seed 
firms. 


SELECTION IN SAPPEMEERSE 


F’s were propagated twice, viz. in 1951 and 1953, after previous selection. In both 
years the seed of the plants was harvested collectively (positive mass-selection). In the 
trials made in 1952 and subsequent years differences between the various generations 
were generally not large. That they could not be neglected, however, appeared in 1955 
when somewhat more extensive observations were made. These data are given in 
table 2. 

It will be seen that the F, and F; are more uniform and earlier than the F,, among 
which in some cases an appreciable amount of contamination (propably with kale) 
as well as a number of round-headed plants occurred. 
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TABLE 2. UNIFORMITY AND EARLINESS OF SAPPEMEERSE 


Percentage harvestingripe on 

Generation | Uniformity Bana - 

16/6 | _ 20/6 
| 

| | | 
F, | moderate | 10 | 40 
FE, | rather good 30 65 
E; | rather good | 40 | 90 


DISCUSSION 


The variability inherent in naturally cross-pollinated plants can be considerably 
reduced by the production of hybrid varieties. These are obtained by breeding inbred 
lines, subjecting them to test crosses, and using the two best for the production of 
hybrid seed. The two inbred lines are always propagated sexually. Various Japanese 
cabbage varieties are obtained in this manner. 

Using the method discussed in this paper, test crosses between the selected plants 
are made immediately. Since the selected plants can be maintained vegetatively, the 
best F‚’s can always be reproduced again. Thus it is possible to maintain a certain 
selection level. 

The present experiments have clearly shown that crosses between phenotypically 
identical cabbages, selected from a population, may yield a sufficiently uniform F, of 
high cultural value. It is not likely, however, that in this manner much heterosis will 
occur, as the parents are genetically too closely related. Yet the data in table 1 seem 
to indicate that the F, is somewhat less vigorous than the F,. This might point to some 
hybrid vigour in the F,. The differences, however, are small. Attempts might be made 
to increase hybrid vigour by using parents that are genetically more different. An F, 
thus obtained will presumably be less uniform and more difficult to propagate sexually 
while retaining its favourable characters. This is a drawback, as the production of F, 
seed from parents maintained and propagated vegetatively can only be carried out on 
a limited scale. Therefore in large-scale seed production the F, seed should also be 
suitable for sexual propagation. In the above crosses the F‚’s could be propagated 
without materially affecting their quality. 

Summarizing we may say that the production of F, varieties by pairing the selected 
plants immediately, without previously selfing them for a number of generations, will 
lead to rapid results. However, the necessity of maintaining the parent plants vegeta- 
tively is a disadvantage and a weak point. Owing to diseases or insufficient care the 
parents may become lost. Moreover, it will be more difficult to obtain so much F, 
seed as with the previously mentioned method, as the large-scale vegetative propa- 
gation of the parent plants requires more labour than the generative maintenance of 
the inbred lines. It is therefore of importance that the F‚’s can be propagated once or 
twice sexually without loosing too much of their quality. This is only possible if both 
parents have almost the same genetical constitution, as otherwise there will be too 
much segregation in the F, and F. Consequently it will be difficult to breed a heterosis 
variety in this way. 

The procedure discussed in this paper may also prove useful for the selection of 
inbred lines. The combining ability of the parent plants might give an indication of the 
combining ability of the inbred lines which may be derived from them by selfing. 
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SAMENVATTING 


Enige ervaringen met het kweken van spitskool 


|. Een overzicht wordt gegeven van het onderzoek met spitskool dat in de jaren 
1947 tot 1957 bij het 1.V.T. plaats vond. De opzet was na te gaan of de produktie van 
hybridezaad mogelijkheden biedt de uniformiteit en de gebruikswaarde op te voeren. 
Er is gewerkt in een drietal spitskoolselecties. 

2. Het bleek dat de F‚’s van paarsgewijze kruisingen tussen planten uit dezelfde 
selectie doorgaans zeer uniform waren. Door deze met elkaar te vergelijken, bleek 
het mogelijk na te gaan welke kruisingsouders gemiddeld de vroegste nakomelingen 
gaven. Door deze vroege kruisingsouders daarna weer met elkaar te kruisen, kon soms 
enige vervroeging worden verkregen. 

3. Door vegetatieve instandhouding van de 2 beste kruisingsouders kan een een- 
maal bereikt selectie-niveau gemakkelijk gehandhaafd worden. 

4. Vermeerdering van een door paarsgewijze kruising verkregen F‚ van nauw ver- 
wante ouders gedurende twee generaties in stullenteelt bleek geen beduidende achter- 
uitgang in kwaliteit en opbrengst te veroorzaken. 

5. Aanwijzingen werden verkregen dat in de F, enige heterosis optreedt. 
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ABSTRACT 


Three hundred sixty-five S, and 234 S, seedling populations of timothy (Phleum 
pratense L.) were examined for their segregations for chlorophyll deficiencies. Arrays 
of both self- and open-pollination families indicated a lack of concentration at definite 
levels, with ratios expressed forming a continuous series from 4.6:1 to 572:1 for 
green: chlorophyll-deficient types in the S, generation. The S, populations examined 
ranged from 1.8:1 to 244: 1. Arrays were very similar in their distributions. 

Sixty-three plants yielded chlorophyll-deficient types in both S, and S, populations. 
From these, it was calculated that 7 to 8 percent of natural self-pollination may occur 
in timothy. 

Except at two levels (28: 1 and 143: 1 tetradisomic) assumption. of tetradisomic or 
simpler inheritance patterns resulted in lower calculated percentages of natural self- 
pollination than resulted from assumed hexasomic inheritance. No apparent expla- 
nation is available to account for these divergences from the regular pattern encoun- 
tered. 


INTRODUCTION 


Chlorophyll-deficiencies in seedlings have been observed in numerous species, and 
the inheritance of these characters is reasonably well understood in many plants. The 
observations considered in this paper were compiled during propagation of seedling 
plants for field establishment in relation to a timothy (Phleum pratense L.) breeding 
program. lt became evident during the observation and analysis of adult-plant 
characters that a more critical evaluation of the data relating to chlorophyll-deficien- 
cies might be of interest. 

Some of the earlier reports cited subsequently are in the form of casual observations 
relating to studies of self- and open-pollination progenies. More detailed studies con- 
cerning inheritance patterns have resulted in no unanimity of opinion concerning 
either the ratios expressed or their interpretation with respect to the phylogenetic 
origin of the species. The data reported here do little to clarify these points. They have 
significant implications regarding the genomic constitution of timothy. They may also 
shed additional light upon the complexity of the problem as well as permit further 
inferences regarding the pollination habits of the species. 


1) Results of cooperative work of the Crops Research Division, Agriculture Research Service, U.S. 
Department of Agriculture and the Wisconsin Agricultural Experiment Station, Madison. 

2) Research Agronomist, Crops Research Division, Agriculture Research Service, U.S. Depart- 
ment of Agriculture and Associate Professor, and Professor of Agronomy, Wisconsin Agricultural 
Experiment Station, respectively. 
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LITERATURE REVIEW 


Pertinent literature dealing with the effects of enforced self-pollination of timothy 
have been considered elsewhere (5). 

HAYES and BARKER (2) reported albino seedlings to occur in five of 12 selfed timothy 
lines. CLARKE (1) obtained segregation ratios of 3:1, 15:1 and 63:1 for normal to 
albino seedlings in 3, 11 and 11 lines, respectively. He concluded that the results could 
be explained “by the interaction of at least three complementary factors which were 
independently inherited.” 

JENKIN (3) found that four of 26 semi-hay type (Phleum pratense var. nodosum(®)) 
plants yielded chlorophyll-deficient seedlings, while one of four pasture- and chalk- 
type plants (P. pratense var. nodosum (?) and var. stoloniferum, respectively) produced 
chlorophyll-deficient types. 

NILSSON (6) noted that chlorophyll variants sometimes segregated on a monogenic 
basis; in other instances, it was difficult to form any definite opinion concerning the 
inheritance. 

WEXELSEN (10) obtained segregations of green to albino seedlings that approximated 
3:1,15:1 and 63:1 ratios. Certain other segregations observed suggested more com- 
plex inheritance patterns, however. 

Myers (4) considered data available insufficient to demonstrate mono-, di-, and 
trihybrid segregation from the occurrence of chlorophyll-deficient seedlings in pro- 
genies from five plants grown during two generations. 

NORDENSKIÖLD (8) studied the inheritance of chlorophyll-deficient seedlings in 
derivatives of Omnia timothy. The variety, regarded as being “rather self-fertile””, was 
only a few generations removed from the original plant from which the strain was 
developed. She studied progenies of 21 closely related plants following selfing in S, 
and S, generations. Every plant studied two generations produced chlorophyll-de- 
ficient seedlings. It was concluded that ““.. the segregation ratios obtained from the 
different families revealed the hexasomic mode of segregation as the most likely and 
in some families as the only one explaining the observed ratios. The disomic segre- 
gation did not explain the inheritance of any family, where it was possible to test both 
studied generations. Nor could four polymeric factors in independent disomic segre- 
gation explain the mode of inheritance in any family.” Subsequently, she stated (9) 
“that the hexasomic mode of segregation ratios obtained from a few plants that 
could have been derived from the tetra-disomic ratio of 143:1 were equally well ex- 
plained by the hexasomic mode of segregation (399: 1, 199: 1, and 137: 1).” She noted, 
“that the six corresponding chromosomes of the six different genomes seem to be 
able to pair at random, and thus, all six genomes ought to be more or less homologous, 
in spite of the fact that several investigations have shown that multivalents only rarely 
are formed during meiosis in this species.” She had previously reported (7) the syn- 
thesis of an autohexaploid form of P. nodosum that appeared and behaved similarly 
to the ““wild-type” of ordinary timothy of Sweden. 


MATERIAL AND METHODS 


Approximately 450 timothy plants were self-pollinated during the summer of 1955. 
These represented plants of desirable agronomic type among 81 polycross progenies 
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and about 20 commercial varieties and strains, foreign plant introductions, etc, grown 
in nursery rows (5). Seed from self- and open-pollinated inflorescences was germinated 
in individual pans during the development of populations for field propagation. The 
numbers of chlorophyll-deficient seedlings (albino, virescent and xantha types) ap- 
pearing in individual seed lots were noted. Where less than approximately 200 seed- 
lings appeared in the germinating pans, exact counts were made. With higher numbers, 
approximately one-fourth to one-third of the green seedlings were counted and used 
as a basis for estimating the number of normal plants. Ratios calculated for high 
seedling numbers are, therefore, only close approximations. 

Two-hundred-thirty-four S, plants of selected progenies were self-pollinated during 
the summer of 1957. 


RESULTS 


Segregation ratios in S, seedling populations: A total of 302 S, plants selfed produced 
no chlorophyll-deficient seedlings (table 1). Albino seedlings were observed in 101, 
xantha seedlings in 23, and virescent seedlings in 42 lots following selfing. 

Ratios for the number of normal green seedlings compared to the individual sorts 
of chlorophyll-abnormalities expressed were calculated in an attempt to determine 
segregation patterns. For convenience, the data derived from growing self-pollination 
seed lots are presented graphically in figure 1. A striking feature is the absence of any 
segregation pattern; the observations of green: albino observed ratios determined 
formed a continuous linear series between 4.6: 1 to 572: 1. Ratios determined for the 
green: xantha characters among selfed seed lots varied from 5.7:1 to 141: 1, whereas 
the normal: virescent ratios varied 5.0:1 to 450:1. Similar information is given in 
figure 2 for observations of populations derived from open-pollination seed. In the 
accompanying figures, the number of cases wherein a certain segregation pattern for 
albino, virescent and xantha seedlings is repeated at a given point, is expressed by the 
number of bars and stars at the indicated frequency of normal green seedlings. For 
further convenience, the array or scale along with left axis changes with a higher in- 
cidence of green: chlorophyll deficients. 

An unexpected high frequency of chlorophyll abnormalties was encountered in 
the seed lots germinated from open-pollinated inflorescences of the timothy population 
sampled. Ratios obtained were very similar to those found to occur in the selfed seed 
lots for the same plants. These ranged from 49: 1 to 1536: 1 for albinos; from 140: 1 to 
800: 1 for xanthas; and from 45: 1 to 1536: 1 for virescents (figure 2). It is difficult to 
account for this unusually high occurrence of these chlorophyll deficiencies. They may 
be interpreted as indicating: 

1. the possible occurrence of a high degree of natural self-pollination in the species; 

2. a high frequency for genes governing these characters in the population with a high 
incidence of combinations allowing these characters to be expressed; and 

3. although a condition conducive to open-pollination was assumed, lack of air 
movement in the nursery at or during the time of pollination may have forced 
selfing. This possibility appears improbable, however. 

Segregation ratios in S seedling populations: No chlorophyll deficiencies were ob- 
served in 178 S, seedling populations resulting from 1957 self-pollinations of S, plants. 
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TABLE |. FREQUENCY CLASSES OF THE NUMBER OF SEEDLINGS DEVELOPED FOLLOWING FIRST AND SECOND 
GENERATION OF INBREEDING, THE NUMBER OF PROGENIES NOT SEGREGATING FOR CHLOROPHYLL 
DISTURBANCES, AND THE NUMBER OF PROGENIES SEGREGATING FOR ALBINO-, VIRESCENT- AND 
XANTHA-TYPE CHLOROPHYLL CHARACTERS 


No. Progenies not No. Progenies segregating for 


No. Seedlings | segregating Albin Virescent Xantha 

produced | 

Se Sen NES: Se S, Si 
0) | 2 (Ae 
1-10 | 34 56 1 1 1 0 0 
11-20 43 37 9 2 0 5 1 
21-30 43 1 ) ben ted 20 1 
31-40 ORE) 6 5 Zee en 1 
41-50 | 12 9 3 6 I J 1 
51-60 | 15 Zend 6 3 1 (6 9 
61-70 | 13 6 4 5 0 5) 0 
71-80 13 7 4 I 9) 1 2 
81-90 4 2 2 2 I Ì 0 
91-100 8 Aad 2 0 ) 0 1 
101-125 15 rj 5 3 3 1 3 
126-150 | 7 7 13 4 4 3 D 
151-175 | 11 4 6 Zr 3 D 2 
176-200 rdt I 3 OD 0 1 
201-225 | 1 3 1 6 1 1 0 
226-250 | 6 I 8 4 1 2 1 
251-275 | yi 0 4 1 2 Lel 5) 
276-300 | 2 Oe 2 0 3 Ö =j 1 
301-325 3 0 He 0 0 0 0 
326-350 3 ie p) Se dk 0) 1 
351-400 8 1 6 aanwij? Aten 1 
401-450 5 0 4 La Slecht Ona 0 
451-500 2 0 3 I 1 1 0 
501-600 | 3 2 3 0 2 0 0 
601-700 | 0 0 3 0 2 0 0 
701-800 Hee 0 0 0 { 0 0 
8011000 | 0 0 1 0 0 0 0 
| 

Total |__302 178 | 101 En ME 2 26 23 


Albinos were observed in 45 of the 56 segregating families, whereas virescent seedlings 
appeared in 21 lots. The determined ratios varied from 1.8: 1 to 244: 1 for green: albino 
and from 3.5:1 to 180:1 for green: virescent. Xantha seedlings were encountered 
rarely and are not considered further. The array of segregation ratios for these popu- 
lations is shown in figure 1, where it may be observed that the distribution pattern 
closely follows that observed for the 1955 data. It should be indicated that, although 
the populations examined had been selected because they exhibited certain behaviors 
in the S, generation, they were not selected for their tendencies to produce chloro- 
phyll-deficient seedling types. 

Degree of natural self-pollination: Fifty-two plants that were self-pollinated during 
the summer of 1955 produced albino seedlings as a result of open- and self-pollination. 
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FIG. 1. ARRAYS INDICATING SEGREGATION RATIOS FOR NORMAL GREEN TO ALBINO (—), VIRESCENT (|), 
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MAL GREEN TO ALBINO (\ ), AND VIRESCENT ( /) IN S3 TIMOTHY SEEDLING POPULATIONS. THE 
VERTICAL BARS OPPOSITE D (DISOMIC), TD (TETRADISOMIC) AND H (HEXASOMIC) INDICATE DIFFE- 
RENT SEGREGATION RATIOS EXPECTED FROM THESE FORMS OF INHERITANCE 
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700 1000 1400 1600 


SEGREGATION RATIO (GREEN : _CHL. DEF.) 


Fi. 2. ARRAY INDICATING SEGREGATION RATIOS OBTAINED FOR NORMAL GREEN TO ALBINO ), VIRESCENT 


(1) AND XANTHA (*) CHLOROPHYLL DEFICIENCIES IN S) TIMOTHY SEEDLING POPULATIONS 
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These observations were used to determine the minimum percentage of natural self- 
pollination that would be necessary to account for the number of chlorophyll-deficient 
seedlings in populations resulting from open-pollination. For example, 126 normal 
green and one xantha seedlings were obtained from seed lot 527 (plant C248-7) fol- 
lowing selfing. Seed produced from open-pollination of the same plant (lot 528) 
resulted in 392 normal green and one xantha seedlings. Segregation ratios of 63: 1 
(X2: 0.5008), 35: 1 (X2: 1.954) and 28: 1 (X?: 2.732) could be fitted to these data with 
P>.05. The percentage of natural selfing occurring in plant C248-7 needed to obtain 
one xantha seedling in the population from open-pollination was determined by the 
following: 


Total no. chl. deficiencies x total plants of the fitting segregation ratio 
No. normal green seedlings from open-pollination seed 


The percentages of natural selfing obtained thus would be 16.3, 9.2 and 7.4, re- 
spectively, for 63:1, 35:1 and 28:1 ratios. To arrive at an estimate of the minimum 
amount of natural self-pollination occurring, the 28: 1 ratio was selected even though 
the other non-deviating ratios fitted the observed frequencies more closely. In like 
manner, the percentages of self-pollination were determined for all non-deviating 
ratios in other plants, assuming that tetradisomic or simpler segregation and hexa- 
somic inheritance patterns existed. The lowest percentage of self-pollination needed 
to obtain the observed albinos in the open-pollination seed lot was selected. Results 
are summarized in table 2. 

An average of 13.6 percent self-pollination occurred in the 52 plants that segregated 
for the albino character, assuming tetradisomic or simpler inheritance (table 3). This 
agrees well with WEXELSEN’s (10) report of 18 percent self-pollination in three families 
studied. The percentage of natural self-pollination reported here probably represents 
an overestimation which may have several causes. Sister plants of a particular progeny 
were usually growing adjacent in the row to the plants from which these determinations 
were made. Usually, however, foreign plants were represented in adjacent rows. Other 
contributory factors include errors of estimate based upon the frequencies with which 
albinos appeared. A deficiency of a single albino among seedlings arising from seed _ 
that resulted from self-pollination has, in calculations of this type, an unduly large 
effect upon the segregation ratio used in calculation of the percentage of self-polli- 
nation. Likewise, the appearance of a slight over-abundance of albinos among the 
seedlings derived from open-pollination leads to overestimation of the self-pollination 
percentage. There is a sharp decline in the number of plants having 15 percent or more 
self-pollination. Removal of plants determined as having more than 15 percent self- 
pollination resulted in an average of 7.7 percent self-pollination occurring in the po- 
pulation examined. This percentage would approach what would be expected from 
the relatively low seed-set usually obtained following self-pollination. 

Segregation ratios obtained for xantha and virescent seedling expression follow a 
similar pattern to those reported for albino expression except that a somewhat higher 
proportion of the cases examined indicated higher percentages of self-pollination. 
Considering all cases, the average percentages were 16.0 and 17.3, respectively, for 
xantha and virescent. Seven to eight percent self-pollination occurred in populations 
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If 

‚_ TABLE 2. OBSERVED SEGREGATION RATIOS OF NORMAL GREEN TO CHLOROPHYLL-DEFICIENT SEEDLINGS, 
THE SEGREGATION RATIOS GIVING THE LOWEST AND INDICATED PERCENTAGE OF NATURAL SELF- 
POLLINATION IN SELECTED PLANTS OF TIMOTHY 


Ratio % Selfing assuming 
_ Seed lot Char.) Obser. Calc. inheritance 
Gr. : Def. Tetra. Hexa. Tetra. or simpler Hexa. 

381 a tied 3:1 11.8:1 2.29 7.31 
225 a | 35 18 11.8 | 6.18 9.00 
255 a u 7.3 11.8 3.08 5.39 
281 a 10 7.3 11.8 | 8.32 12.80 
359 a 34 7.3 11.8 | 6.29 9.69 
433 a 21 13 11.8 9.88 15.24 
545 a | 28 78 We 3.52 5.42 
575 | a | 7 7.3 11.8 3.29 Ski 
675 a 36 8 11.8 | 6.64 9.44 
739 a 9 7.3 11.8 | 5.02 7.74 
809 a 13 7.3 11.8 10.92 16.84 

851 a 5 13 nf?) UZI e 

861 a 5 TE nf?) | 8.19 — 
281 v 5 7.3 ún-s | 2.74 4.44 
15 a 21 10.3 TS 4.96 5.61 
303 a 12 10.3 11.8 16.34 18.51 
549 a 23 10.3 11.8 O5 2.84 
589 a 13 10.3 11.8 (E69 25.70 
645 a 18 10.3 11.8 |___10.80 12.80 
755 | a 17 10.3 11.8 6.11 6.92 
805 a 19 10.3 22.6 8.69 18.15 
907 a 19 10.3 11.8 26.08 29.07 
93 v 15 10.3 11.8 2581 3.18 
269 | a | 58 13.5 22.6 | 3.98 6.96 
647 a 65 13.5 22.6 3.15 S13 
865 a 37 13.5 22.6 27.19 44.20 
245 v jl 13.5 22.6 3.41 5.55 
279 a 23 15.0 22.6 10.67 15:18 
473 a 73 15.0 22.6 13.32 19.67 
709 a 75 15.0 22.6 | 4.21 6.21 
535 v 18 15.0 22.6 mndl43 16.86 
377 Xx 75 15.0 22.6 3.76 5.55 
285 a 26 17.3 24.0 9.83 12.09 
331 a 84 17.3 22.6 5.30 6.84 
563 a 42 13 24.0 2.69 3.67 
571 a 24 17.3 22.6 37.09 46.80 
939 a 62 17.3 22.6 8.63 11.13 
255 v 25 17.3 22.6 ri 9.93 
271 v 26 17.3 22.6 40.03 51.60 


Continued on the following page. 
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TABLE 2. (CONT.) 


Ratio % Selfing assuming 
Seed lot Char.) Obser. Calc. Ee eee 
Gr Des Tetra. Hexa. Tetra. or simpler _Hexa. 

l a Sel 28.0: 1 24.0:1 24.20 20.83 
61 a 35 28.0 22.6 16.90 15/2 
105 a 58 28.0 99.4 18.40 63.70 
147 a | 26 28.0 24.0 12.96 10.80 
191 | a | 140 28.0 99.4 14.21 49.20 
379 | a | 67 28.0 24.0 8.00 6.80 
393 a 2 28.0 24.0 38.70 33.33 
447 a 40 28.0 22.6 24.17 19.70 
5217 a 63 28.0 22.6 | 14.79 12.00 
561 a 132 28.0 99.4 4.98 IS 
797 X 43 28.0 24.0 6.30 5.40 
572 X 126 28.0 22.6 7.40 6.40 

99 a 44 35.0 nf?) 26.56 — 
Se) X 71 35.0 99,4 17.14 47.81 
199 % | 72 35.0 99.4 13.53 37.04 
283 | a O2 63.0 99.4 21.30 33.46 
477 | a 195 63.0 99,4 17.07 26.77 
735 a 226 63.0 99,4 12.86 20.08 
197 a 192 63.0 99,4 | 13.90 ORS 
891 a 108 63.0 99,4 | 11.70 18.32 
283 v 212 63.0 99,4 | 10.67 16.73 
649 X 130 63.0 99,4 | 45.70 71.70 
661 v 94 63.0 99,4 | 15.20 23.90 
185 | v | 231 This: 99.4 11.48 15.93 
681 | X 340 NS 99,4 18.08 25.10 

| HI 

91 a 504 143.0 99,4 39233 23.24 
577 | a SMIS 143.0 99,4 32.00 22.30 
659 a 300 143.0 99.4 25.70 17.90 
683 a SD 143.0 WSD 24.00 DONS 
655 v | 378 143.0 152007, 67.90 62.60 


1) a: albino; v: virescent; X: xantha. 
2) nf: no fitting ratio. 


wherein xantha and virescent chlorophyll-types were observed when those above 
15 percent are excluded as referred to previously. 

The calculations indicated an average of 14.5 percent selfing when all cases segre- 
gating in both self- and open-pollination populations were considered to exhibit tetra- 
disomic or simpler inheritance patterns. If only those cases of less than 15 percent 
self-pollination are considered, an average of 7.7 percent selfing appears to occur 
under natural conditions. 

Similar calculations, based upon hexasomic inheritance patterns, resulted in higher 
percentages of natural self-pollination having to be assumed except at two levels of 
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TABLE 3. THE PERCENTAGE OF NATURAL SELF-POLLINATION OCCURRING IN TIMOTHY BASED UPON THE 
OCCURRENCE OF CHLOROPHYLL-DEFICIENT SEEDLINGS IN POPULATIONS RESULTING FROM SELF- 
AND OPEN-POLLINATION 


sk Assuming inheritance to be: 
Tetradisomic or simpler Hexasomic 
No. cases % selfing No. cases % selfing 
Averages of plants assumed 
to have 15% or less selfing | 
segregating for: | 
Albino 35 7.80 24 8.17 
Xantha 4 5 3 5.78 
Virescent | 7 AS 4 5.78 
Averages of all plants 
segregating for: | 
Albino 50) SS 49 17.47 
Xantha | 9 15.99 | dl 28.43 
Virescent 10 17.34 10 21.07 
Averages of all plants 
15% or less selfing 46 7.70 31 1.63 
Averages of all plants 69 14.48 66 19.04 


segregation, these representing those that had in the earlier consideration fallen into 
the 28:1 and 143:1 segregation patterns. In the former, 12 plants were compared; 
nine of these resulted in lower and three in higher percentages of natural selfing when 
hexasomic inheritance was assumed. The second group of five plants was consistently 
lower in their percentages of self-pollination if hexasomic inheritance was assumed. 
Three plants, numbers 851, 861, and 99, gave ratios of normal green to albino that 
could not be fitted into any hexasomic ratio within the limits of probability established. 


DISCUSSION 


The disparity among certain earlier reports (2, 4, 8, 10) dealing with the inheritance 
of chlorophyll deficiencies in timothy is understandable when considered in light of the 
data reported. From the resume summarizing known information regarding the in- 
heritance patterns expressed in timothy, it is evident that generalizations may be 
applicable only to the particular lines tested and might not apply to timothy generally. 

The complete, or nearly complete, absence of tendencies for genetic ratios to cluster 
about certain points, as shown on the accompanying arrays, is a striking feature among 
both the inbred- and open-poilination seedling populations derived from a highly 
diverse population of parent plants. This complexity and the physical limitations of 
developing sufficiently extensive inbred populations from a large number of plants all 
but preclude detailed analysis of timothy generally. 

It has been the opinion among several investigators that considerable self-pollination 
probably occurred in some plants in this otherwise allogamous species. The unifor- 
mity of some S, progenies (5) and the general conformity to type in progenies derived 
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from seed resulting from open-pollination of individual plants could be interpreted _ 
as lending some support to this opinion, but the validity of the assumption can be 
questioned somewhat from results of various enforced self-pollination studies. The 
latter indicate, generally, that self-fertility relations follow behaviors essentially 
similar to those expressed in other rather highly self-sterile and cross-fertile species. 
Results obtained from current studies indicate that 7 to 8 percent of natural self- 
pollination may occur among timothy plants normally open-pollinated. It must be 
recognized, also, that these calculations are based only upon seedling populations 
segregating for chlorophyll-deficient characters. The technique employed completely 
disregards plants wherein no deficiencies were observed. In some, the seedling popu- 
lation may have been too small to allow segregation expression. Other instances 
wherein lethality may have occurred too early for notation must be recognized. Since 
such behaviors that may have affected expression are possible, the average expression 
of the amount of natural selfing occurring in timothy may be overestimated since the 
calculations were based on but 63 segregating populations of the 365 plants examined 
in the S, generation. No segregation was observed in the S, progenies from 302 plants. 

No explanation is apparent to account for the lower percentages of self-pollination 
resulting from the use of hexasomic inheritance patterns at the two levels (28: 1 and 
143: 1 tetradisomic) indicated. The probability of these being due to random chance 
appears to be extremely remote. Likewise, if this were the case, these. deviations could 
be expected to occur at random through the entire population rather than being con- 
centrated at two different levels. Why the observations at all other levels should 
consistently be more readily explained upon simpler inheritance patterns is equally 
interesting. One might assume that these occur because of some unrecognized be- 
havior such as preferential pairing of chromosomes during meiosis, selective advan- 
tages for certain gametes at fertilization, differential lethality among gametes, or for 
other reasons. If such occur, the basic reasons for their expressions still remain in 
doubt. 

The disproportionate influence of excess recessive plants in a population derived 
from seeds resulting from open-pollination or the occurrence of deficiencies in reces- 
sives following self-pollination, cannot be over-emphasized. Calculations based upon 
the use of segregation ratios more complex than those of tetradisomic nature in in- 
stances where high frequencies of dominant and heterozygous expressions per re- 
cessive were observed resulted in a high average percentage of self-pollination. This 
degree of self-pollination is inconsistent with the usual experiences in inbreeding 
timothy, wherein, generally, few highly self-fertile plants are encountered. Interpre- 
tation of the data upon an independent factor or upon a tetradisomic basis appears 
more consistent with the results of self-pollination studies and most of the data result- 
ing from cytogenetic studies. Although this conclusion appears valid, it is recognized 
that analysis of families derived from more limited initial populations might lead 
to materially different conclusions since some plants behaving as autohexasomics 
are to be expected even though the species may have arisen as a tetradisomic alloploid. 
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